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ABSTRACT

SOLID AMINE DEVELOPMENT PROGRAM

CONTRACT NO. NAS 9-12957
APRIL 1973
by John S. Lovell

HS-C is a regenerable solid amine material being developed (under NASA con-
tract) to perform the functions of humidity control and CO, removal for a Space
Shuttle type vehicle. Both small scale and large scale teSting have shown
this material to be competitive, especially for the longer Shuttle missions.
However, it had been observed that HS-C off-gasses ammonia under certain
conditions. This presented two concerns. The first, that the ammonia
would contaminate the cabin atmosphere, and second, that the material is
degrading with time.

It was because of these concerns that a program was undertaken to learn
the nature and rate of the reactions involved. An extensive test program
has shown HS-C to produce only trace quantities of atmospheric contaminants,
and under normal extremes, to have no practical life limitation.
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SUMMARY

Polyethyleneimine (PEI) 1800 which is a key constituent of HS-C under-
goes a continuous process of cross-linking. In the process, ammonia is
formed and released. The cross-linking process requires oxygen and is
greatly accelerated by increased temperature.

Under normal conditions (80°F) the rate of cross-linking is low and
does not present a problem either from the standpoint of atmosphere contam-
ination, or life limitation. Temperature extremes of 150°F are acceptable
if the exposure times are limited. Test experience showed no degradation
after exposure to 120°F for 44 hours followed by 150°F for 36 hours.

Ammonia generation rates are less than 1% of those expected from
metabolic sources, based on the generation rates determined from this
program as compared to those from present Shuttle specifications.

One pound samples of HS-C were tested for off-gassing over a range of
temperatures in both normal atmospheric and zero oxygen levels. These tests
showed ammonia (NHz) generation to be a strong function of temperature with
the rate approxima%ely doubling for every 10°F increase. Without oxygen the
rate is greatly reduced. Ammonia generation decreases with time showing a
loss of active imine. Total loss occurs in 1100 hours at a temperature of -
150°F. Based on off-gassing rates this would extrapolate to 145,000 hours
(16.5 years) at 70°F.

A quantity of material (6.65 pounds) sufficient to fill an existing
canister was prepared and tested under simulated mission conditions and each
mission consisted of heating to 120°F for four hours and then performance test-
ing for four days. A total of eight missions was simulated. Subsequent to the
mission testing the canister was exposed to hydrogen sulfide and 150°F temper-
atures.

The large scale tests confirmed that ammonia production rates were not
excessive with nearly identical results as obtained from the off-gassing
tests. The rate at 80°F is 36 x 10-6 grams/hour - 1b HS-C. At this rate
the concentration of ammonia produced by HS-C would reach maximum specification
limits only after eight days and then only if no ammonia removal system were
included. There was no performance degradation experienced after 1200 hours
of test of which 44 hours were at 120°F and 36 hours were at 150°F. The total
equivalent time based on off-gas rates is 3960 hours or sufficient for 23
seven-day missions. For long storage, HS-C could be stored in an oxygen free
atmosphere.

No detrimental effect resulted from the exposure to hydrogen sulfide.

1
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A ten-man system was sized, based on large scale testing, and a detailed
design of the canister was made. The system would require two active canisters
each containing 29.3 pounds of HS-C. The fan power required for the ten-man
system is 65 watts at an airflow of 58.6 cubic feet per minute.
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- INTRODUCTION

Metabolic water vapor and carbon dioxide have historically been removed
from the spacecraft cabin by a condensing heat exchanger and lithium hydroxide
(LiOH), respectively. The condensing heat exchanger offers the possibility
of water reclamation and the Li(H system adsarbs large quantities of 0y in
a small bed. However, these advantages fade in the Space Shuttle because of
the ready availability of fuel cell product water and the longer mission
length and larger crew size, which require increasing quantities of the non-
regenerable LiOH.

A new water vapor and carbon dioxide sorbent called HS-C now has been
developed to remove the metabolic products from the cabin using a single
sorbent bed. It can be regenerated on a continuous basis by a hard vacuum (50
microns) at the adsorption temperature, or by a mild vacuum (1/2 psia) at higher
temperature (200°F) for a limited number of cycles.

HS-C is made from a spherical porous substrate (diameter about 0.5 mm),
which is coated with a thick non-volatile liquid which chemically adsorbs CO;
and H,O0.

2

HS-C is currently of interest to the designers of the Space Shuttle life
support system for removal of metabolic water and carbon dioxide from the cabin.
Competing systems are the flight-proven lithium hydroxide, which requires care-
ful preflight preparation of the high capacity non-regenerable material plus
the usual condensing heat exchanger for humidity. control; and a silica gel,
molecular sieve system which shares some of the HS-C's system advantages but

can be poisoned with water vapor.

The HS-C system is especially desirable because it requires no liquid
loop connections, needing only space vacuum and electrical connections to
perform within the cabin environment. The material need not be replaced
between flights.

This program is the third in a series designed to develop HS-C to a
status acceptable for consideration on a flight program. Previous phases,
contracts NAS 1-8944 and NAS 9-11971, have demonstrated the material to
be competitive from a performance standpoint, and to pass most flight material
specifications. This program was designed to evaluate off-gassing and life
characteristics.

3/4
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OBJECTIVES

The basic objective of this program was to evaluate the off-gassing and
life characteristics of HS-C. It is the third in a series of tasks designed
to develop HS-C to a status acceptable for consideration on a flight program.

The program consisted of three major tasks:

® Off-gas Investigation

® Mission Simulation

® Flight Concept Definition.

Off-Gas Investigation

This task was designed to identify the mechanism by which ammonia is
generated and to quantify generation rates. The suspect mechanisms included
contaminants in the PEI, oxidation, thermal decomposition and cross-linking.

Large Scale Mission Simulation

The objective of this task was to evaluate a full scale HS-C canister
under worst case mission simulations. Of special interest were any signs
of performance degradation and ammonia off-gassing rates. Effects of temper-
ature extremes and acid gasses on performance also were considered.

Flight Concept Definition

The objective of this task was to develop a system design concept
applicable to the Space Shuttle including a schematic, operating parameters,
and fail operational, fail safe features. :

5/6
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CONCLUSIONS

1. Testing, to date, has shown HS-C to be acceptable for flight application.
After 1100 hours of mission simulation including temperature extremes
of 120°F and 150°F, the material shows no performance degradation.

2. Under normal operating conditions, the amount of ammonia generated by
HS-C is negligible. A ten-man system will produce 0.025 grams per day
as compared to an expected metabolic generation of 3.0 grams per day,
per the present Shuttle specificaticn.

3. HS-C can withstand limited exposure to temperatures as high as 150°F with
little or no performance degradation. Thirty-six hours at 150°F did not
cause the material to degrade.

4. HS-C does not degrade when exposed to hydrogen sulfide.

5. The imine used in HS-C is continually cross-linking to form a higher
molecular weight imine. This process requires oxygen:and is accelerated
with increasing temperature. Ammonia is released by the process. Cross-
linking goes to completion in 1100 hours at 150°F and is predicted to
require 16.5 years at 70°F.

6. When fully cross-linked HS-C no longer has a capacity for (0, or water
as demonstrated by samples exposed to 150°F for 1100 hours.

7. Manufacture of Shuttle mission quantities of HS-C is practical with the
techniques developed under this program.

7/8
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RECOMMENDATIONS

For development of a flight system, it is recormended that a represen-
tative breadboard Shuttle regenerable (0; and humidity control system be
tested. The system would be sized and configured to meet Shuttle design
criteria and be optimized for overall penalty. The HS-C canisters should be
designed to be of flight size and of flight concept. Valves and ducting
should be of proper size but could be commercial hardware.

The test facilities should include a chamber large enough to simulate
a cabin volume. Test conditions should include both extreme and typical
mission profiles.

Feasibility testing conducted under this and the preceding contract,
NAS 9-1171, has indicated the basic HS-C material to be compatible with
Shuttle requirements. The logical next phase in the development of HS-C
is to investigate the system aspects of its application.

The information desired includes:

® Packaging methods

Retention methods
Canister filling methods

Representative flight canister performance

Operation in a simulated cabin volume
Thermal interaction between desorting and adsorbing beds

Humidity control capability over a range of metabolic loads

COp removal capability oyer a range of metabolic loads.

Previous large scale testing was accomplished using a commercial, liquid

cooled finned tube heat exchanger as the HS-C canister. The maximm bed
thickness was three inches. Performance testing was done with a single

canister under constant inlet condition. A flight concept canister would
consist of a high performance plate fin heat exchanger. The thickness of
each HS-C bed would be increased to four or five inches to improve packaging
density and overall weight.

For greater system simplicity, cabin air would be used as the heat trans-
port fluid. This same air would then go to the adsorbing HS-C bed. The
temperature changes in the air and corresponding changes in HS-C performance
can be determined only by testing of a two canister system with the proper
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thermal response. It is recommended therefore, that future HS-C testing be
conducted utilizing two flight-representative canisters.

In an actual cabin volume, carbon dioxide level and water partial pres-
sure will vary during each adsorb cycle. At the beginning of the cycle,
bed capacity is high and levels of COz and Hp0 will start high then drop
to a minimm, rising to maximm levels at the end of the cvcle. Bed mer-
formance will be somewhat different than that determined with constant
conditions. Therefore, it is recommended that a simulated cabin volume be

utilized for proper simulation.

10
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OFF-GAS INVESTIGATION

The objective of the off-gas investigation was to determine the
mechanism responsible for the off-gassing of ammonia from HS-C and to
quantify ammonia generation rates.

DISCUSSTION

The initial step in this investigation was to contact experts in the
field of imine chemistry. These included Mr. Larry Potter, Imine Research,
Dow Chemical Company, and Dr. G. Berchtold, M.I.T. From these consultations
and based on research conducted at Dow Chemical Company, it was concluded
that the most probable cause for ammonia generation was cross-linking of
the polymer.

Other potential causes included thermal decomposition and contaminants
introduced in the manufacturing process. A remote possibility was that the
causes were microbiological in nature.

A test program to identify and quantify off-gassing was conducted. The
parameters investigated included:

e Temperature

® Humidity Level

® Normal Oxygen Levels

e Oxygen Free Atmosphere.

Also investigated was the aibility of HS-C to support microbiological
growth , namely fungi.

Testing was conducted with one pound samples of HS-C produced during
the previous program phase. The samples were placed in metalic containers
and a continuous flow of gas maintained through the sample. Ammonia content
was measured in the effluent gas stream. Temperature control was maintained
by placing the sample containers in ovens. _

There were five samples maintained at temperatures ranging from room
temperature to 150°F with both normal and oxygen free environments.

11
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Conclusions

The production of ammonia is a strong function of both oxygen content
and temperature, the production rate at 70°F with oxygen being 18 x-10-6
grams/hour - 1b HS-C. At 150°F this increases to 2400 x 10-6, or 133 times
as much. By contrast, in the absence of oxygen the rate at 150°F is 100 x
10-6 grams/hour - 1b HS-C.

Ammonia production decreased with time indicating that the amount of
active material is being depleted. At the end of 1100 hours at 150°F temper-
ature the ammonia production rate was essentially zero indicating that the
active imine was depleted. At room temperature this should increase to
145,000 hours (16.5 years).

Based on the results of this testing and information from Dow Chemical
Company, it was concluded that cross-linking of the polymer is responsible
for the generation of ammonia from HS-C. Significant reaction rates take
place only at elevated temperatures and in the presence of oxygen. Moisture
level does not measurably affect the cross-linking process.

During the cross-linking process, the number of primary imine groups is
decreased with the eventual state being all tertiary groups. Because only
primary groups have been found to have an appreciable capacity for COp, it
was assumed that fully cross-linked HS-C would no longer adsorb (0. This
assumption was verified by test of a sample which had been exposed to oxygen
at 150°F for 1100 hours. The material had essentially zero capacity.

It also was substantiated by test that HS-C will not support micro-
biological life forms. »

Description of Test Apparatus

Five cylindrical containers were prepared by filling each with HS-C,
Series III, material and one with PEI-18, These six samples were originally
set up with sample numbers 1 and 2 in one oven and sample numbers 3, 4, 5,
and 6 in a second oven. Samples 1, 3, and 5 were set up for helium gas
purge and samples 2,4, and 6 were set up with room air as the purge gas.
After 699.5 hours of purge time on sample 1, it was removed from the oven
and set up on the work bench at room ambient temperature and the purge gas
changed from helium to room ambient air. Figure 1 shows a schematic of the
final test setup. Each container outlet had a tygon tube connecting to the
gas scrubber collection bottles. A portable flow meter was used to measure
the gas flow for each sample at the collection bottle outlet.

12
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Each container has a Hoke micro adjustment valve on the inlet line to
permit flow adjustment. Sample 4 had a water bubbler in line to saturate

the room air gas. Sample 6 had a steel cylinder filled with silica gel to
dry the room air gas.

A helium bottle was used for helium gas supply and a Diapump was used
for the room air gas supply. A Coleman Spectrophotometer 295 was used to
measure the nitrogen-ammonia scrubbed out in the collection bottles. Photo-
graphs of the test setup are shown in figure 2.

The samples tested are shown in Table I.

TABLE I
OFF-GAS TEST SAMPLE IDENTIFICATION

Cylinder #1 Weight 424 grams HS-C
Atmosphere Room air
Flow rate 15 cc/min, nominal
Temperature 72°F nominal

Cylinder #2 Weight 369 grams HS-C
Atmosphere Room air
Flow rate 15 cc/min, nominal
Temperature 125°F

Cylinder #3 Weight 417 grams HS-C
Atmosphere Helium
Flow rate 15 cc/min, nominal
Temperature 150°F

Cylinder #4 Weight 391 grams HS-C
Atmosphere Wet room air
Flow rate 15 cc/min, nominal
Temperature 150°F

Cylinder #5 Weight 110 grams PEI
Atmosphere Helium
Flow rate 15 cc/min, nominal
Temperature 150°F :

Cylinder #6 Weight 134 grams HS-C
Atmosphere Dry room air
Flow rate 15 cc/min, nominal
Temperature 150°F -

14
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Test Results

Figures 3 through 8 show all test data points obtained. Prior to
September 27, 1972 the ammonia scrubber had been attached only when a
sample was be1ng taken. This resulted in some flow variation. After the
test procedure described in Appendix D was adopted, the amount of variation
between test points was reduced.

Figures 9 and 10 were constructed for the combined data. Figure 9
shows ammonia production as a function of temperature in humid oxygen envi-

rorment. Both the total test data extremes and a mean generation rate are
shown.

The slope of the mean curve shows that reaction rate approximately
doubles for every 10°F increase in temperature. This is not an wmusual
characteristic for chemical reactions. At 150°F the total band width for
a dry atmosphere was essentially the same as that for the humid atmosphere
indicating that moisture does not play a significant role in the reaction.

Figure 10 shows the band obtained with a helium (oxygen free) atmos-
phere. Ammonia production appears less dependent on temperature and is
considerably less than that obtained in oxygen. Figures 3 through 8 show
data for each of the samples. Prior to September 15, 1972 a chromatographic
technique had been used to determine ammonia content. This method proved
inaccurate and as a result no test data is shown until after September 15th,
when the wet chemistry technique was adopted.

Figure 3 shows the results from sample 1. This sample was run in helium
for 700 hours and then switched to air in order to obtain more air data.

Sample 2, figure 4, was run over a range of temperatures to obtain data
at intermediate points. Data scatter appears quite large probably due to
off-gassing occurring as a result of temperature change.

Sample 4, figure 5, shows the results of testing at 150°F in a normal
atmosphere. Ammonia production decreases with time and would appear to
reach zero at approximately 1100 hours. Sample 6, figure 6, was purged
with dry rather than humid air but gives results nearly 1dent1ca1 to those
shown in figure 5 (note different scales).

Sample 3, figure 7, was maintained at 150°F in a helium (oxygen free)
atmosphere. Like with the samples exposed to oxygen, ammonia production
rates decreased with time. It is suspected, however, that this is a result
of off-gassing and not due to depletion of the active coating. Ammonia
production rates would indicate that it would require 30,000 hours to deplete
all active PEI at these conditions.

16
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A sample of PEI, sample six, also was tested. The amount of PEI in
the container was the amount used as a coating for the other samples, 21%
by weight. The results, shown in figure 8, were approximately the same as

for sample 3, indicating that the substrate had only a minor effect on
reaction rate at these conditions.

A sample of HS-C was tested to determine whether it would support
fungus growth. No growth was found. The laboratory report for this test
is included as Appendix E.
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MISSION SIMULATION

The objective of this task was to determine ammonia production rates
under normal operating conditions and to determine degradation under worst
case conditions. :

DISCUSSION

An 8.5 pound quantity of HS-C (designated HS-C Series IV) was prepared
for this task. The test canister was packed with 6.65 pounds of dry HS-C
and installed in a multi-purpose test rig. Parametric tests were run first,
to obtain a perfommance baseline. The unit then was run through eight four-
day mission simulations. At the start of each mission the canister was heated
to 120°F and held at that temperature for four hours. After completion of the
mission simulations the canister was subject to an extreme temperature at
150°F and also to a representative acid gas to accelerate any degradation.

Daily ammonia level measurements were taken from the recirculating
atmosphere loop and from the condensate portion of the test rig. Wet
chemistry (Nessler's Method) was used for ammonia analysis. Carbon dioxide
removal performance and water removal performance were monitored throughout
the test in order to detect possible degradation. Measurements were made
at a standardized condition to allow comparison. Parametric performance
tests also were run in order to map water removal efficiency for the improved
heat exchanger design.

The test canister used for series II and III testing was modified for
use in this test. Improvements were made to prevent channeling and to
minimize the amount of material not in contact with a heat transfer surface.
The configuration and nominal conditions used for testing were a three inch
thick bed operating with 30 minute adsorb and 30 minute desorb times.

Conclusions

The modifications made to the test canister improved performance, most
probably by improving heat transfer. The improvement appeared as a decrease
in desorption time required for optimum performance. The reduction in desorp-
tion time was a decrease from 45 minutes to 30 minutes.

Ammonia production rates were approximately the same as those measured
in the off-gassing tests. Very little ammonia was found in the circulating
gas stream. The ammonia released from the canister was scrubbed from the
air stream by a humidifier and by a condensing heat exchanger, both part of
the test apparatus.
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Material Description

HS-C is a proprietary sorbent made from commercially available raw
materials. It consists of small (1/2 mm) spheres of polymeric macroreticular
substrate which is coated with a thick, polymeric, liquid sorbent made from
low molecular weight amines.

The substrate is Rohm § Haas XAD-7 sorbent. It is processed at Hamilton
Standard by sieving, by washing with deionized distilled water and analytical
grade methyl alcohol, and then coated with the liquid sorbent, Dow PEI-18, and
dried. Ultra-pure water is needed for the washing procedure since traces of
copper adversely affect adsorptive performance.

XAD-7 is a polymeric acrylic ester (a relative of Plexiglas and other
acrylic plastics) in the form of small spheres (typically 1/2 mm and smaller)
which have many microscopic fissures making them very porous. They are white
in color, and crush with moderate difficulty using the flat side of a knife.
They swell to twice dry volume when wet with water or alcohol.

The coating is Dow PEI-18, a polyethyleimine (PEI) of the chemical form:
-(Hy-(Hy-NHy (25%)
-(H,-(Hy-NH- (50%)
Q-GN (25%) | 4

It is thick and viscous (like cold molasses) with an average molecular
weight of 1800 (hence PEI-18).

Selected HS-C Formula - Series IV

The HS-C formula selected for the Series IV tests is presented below.

Substrate Mesh Size 30-40 mesh
Coating Agent PEI-18

Coating Weight 21%

Density (coated) 0.350 +10% gm/cc.
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Evaluation

Prepared HS-C was evaluated in a small scale apparatus usmg a set cycle.
These nominal conditions were:

Sample Size Sml

Pcop 3 mmHg

Air Flow 500 ml/min

Air Dew Point 52°F

Bed Temperature 75°F

Desorb Pressure 50 microns or better at end of desorption
Cycle Times 45 minutes adsorption, 45 minutes desorption.

Capacity was checked against a reference sample of Series III material
to minimize any effects of rig fluctuations. Table II summarizes these
results.

Note that CO, capacity was on the average about 14% greater than the
Series III reference. Better sifting techniques using a new vibrating sifter
might be responsible for the increase in CO; capacity.

Test Canister

An exploded view of the test canister is shown in Figure 11. The HS-C
bed itself is a modified fin-tube heat exchanger. The depth of the bed is
3 inches (airflow path of 3 inches). The face area is 14 inches by 14.5 inches.

A fifty mesh screen is placed over the heat exchanger face to retain the
HS-C granules. An aluminum honeycomb is used to provide rigidity to the screen.

By experimentation it was determined that a support grating was necessary
to prevent the honeycomb and screen from bulging away from the heat exchanger
face. The addition of the grating was an improvement over previous canister
test configurations.

The header for the unit has a circulating air duct of 2 inches d1ameter
and a vacuum port 5 inches in diameter.

Test Equipment

Hamilton Standard test rig #88 was used for this test program as
illustrated by Figure 12. It provides a stream of conditioned air to the
HS-C materials under test with automatically controlled pressure, flow rate,
CO; partial pressure, dew point, and temperature. The conditioned air flows
through the canister for the selected adsorption time while the canister is
cooled by a constant temperature water heat transport supply. At the end of
the adsorb cycle, desorption begins automatically with the isolation of the
test canister from the conditioned air and the application of a high vacuum
to the HS-C in its canister. The water transport flow is maintained and -
provides heat for desorption. The entire cycle is repeated for the required
mission duration.
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Both C02 and air usage are determined by measuring the weight change of
the bottles used to supply these gases. This method is extremely accurate
when used to integrate the usage for a large number of cycles.

Water capacity can be determined by two methods. The method for
measuring capacity of an individual cycle is by integrating inlet and outlet
dew point and air flow. For a large number of cycles, water addition to the
water tank can be measured. The tank has a capacity of 8000 cc which is
approximately a three day supply under nominal test conditions.

The HS-C canister was set up on Rig #88 as shown in Figure 13. Measure-
ments were as shown in Table III.

TABLE I1I
LARGE SCALE TEST INSTRUMENTATION REQUIREMENTS

Parameter Units Accuracy

Cycle Time minutes 1% of interval

Air Flow Rate in H0 10% of flow
reported in cfm

Inlet Temperature °F 2°F

Inlet Pressure psia 0.2 psia

Hygrometer (dew point) °F 2°F

Water Temperature °F 2°F

Inlet and Outlet CO, volts 2% of full scale
reported as mmHg | (full scale = 5 mm)

Weight 02 Added 1bs | 0.02 1bs

Weight Air Added 1bs { 0.02 1bs

Desorption Vacuum microns 5% of non-linear

scale of Hastings gauge,
as calibrated for air

Ammonia Concentration 101! 0.1 ppm in water
10 ppm in air
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Actual Test Conditions |

The test plan for the large scale testing is Appendix F of this report.
Table IV shows the actual conditions of test for the test duration of 1116
cycles. In addition to.the plamned tests, a parametric series was run during
the sixth, seventh, and eight mission simulations. This was done to deter-
mine water capacity over a range of flows and dew points.

A number of cycles also were run with a dry loop to allow ammonia
measurement in the air loop. With a wet humidifier, the ammonia was
removed by the water.

TEST RESULTS

(002 Removal Capacity

The series IV material shows an improved C02 capacity over previous tests.
This is attributed to two factors: improved control of material processing
and an improved canister configuration.

Figure 14 shows (00; capacity as a function of airflow. This plot was
constructed from data obtained both during the initial parametric series
(Table V) and a parametric series run during the mission simulations. Capacity
at 3 mmHg PCO, for the series IV material is the same for a 30 minute desorb
time as was obtained from Series II tests with a 45 minute desorb time. Both
test series utilized a 3 inch thick bed.

Table VI shows a summary of CO2 removal performance during the eight
mission simulations. CO, removal performance at the end of the series, was
0.121 1bs/cycle as compared to 0.126 lbs/cycle at the start of testing.
Intermediate points ranged from 0.117 1bs/cycle to 0.129 1bs/cycle. This
entire range is * 5% which is the expected accuracy of the test apparatus.

Any degradation in COp capacity during this period is judged to be negligible.

Table VII shows (02 performance under conditions designed to promote
degradation. The first extreme was to inject 500 cc of hydrogen sulfide into
the recirculating air loop. This would similate acid gases of the type
possibly found in a cabin atmosphere at extreme levels. After eight hours of
testing, no loss in performance was evident. The canister was then subjected
to three 12-hour soaks at 150°F. (02 capacity remained constant at 0.12 lbs/
cycle following these exposures.
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TABLE IV
TEST CONDITIONS
o, Yo i | b, oF| TR eF :ﬁoﬁg W REMARKS
PARAMETRIC
1 1-16 40 75 85 3 37 52 Rig shutdown due to low
pressure in loop.
17-62 80
63-66 ' v - ' Malfunction in vacuum system.
2 67-79 40 120 120 5 58 52
80-81 - Malfunction of vacuum timer
switch.
82-89 Y Y Y 65 Y
3 90-98 40 75 85 5 - 52
99-111 - Shutdown, CO, not added to ‘
loop ,malfunc%ion of CO, control.
112 ' -
113-118 52 Y 28
4 119-132 40 75 83 5 27 52
MISSION SIMULATION
Heat Soak - 4 Hours at 120°F
1 133-150 41 75 812 5 27 52
151 i - Rig shutdown, vacuumm valves
cleaned.
152-177 81 27 Y
178-228 - Loop Tun dry.
229-250 | Y 52
Heat Soak - 4 Hours at 120°F
2 251-339 41 75 85 5 27 52
340-344 57 Raised dew point in locp.
345-351 - 52 Dew point restored.
352 80 Adsorb 30 min - desorb 15 min.
353 Y Y i Y 84 Y Adsorb 30 min - desorb 16 min.
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TABLE IV (Continued)
TEST CONDITIONS

TEST CYCLE FLOW AIR BED P VAC DEW
NO. NO. cfm | TEMP. °F| TEMP. °F mﬁg u PT. °F REMARKS
354 41 75 85 5 88 52 Adsorb 30 min - desorb 16 min.
355 .78 Adsorb 30 min - desorb 17 min.
356-358 Y Y 27 Y Adsorb 30 min - desorb 30 min.
Heat Soak - 4 Hours at 120°F
3 359-378 41 75 86 5 26 52
379-385 - Dry loop.

386-408 Y Y - Y Y| =

Heat Soak - 4 Hours at 120°F

4 409-426 41 715 T80 5 26 - Run dry.

427-453 ' Y * | v t 52

Heat Soak - 4 Hours at 1205F

5 454-472 4] 75 8|0 5 247

""‘S

473-563 20 Y Y | ¥ Y

Heat Soak - 4 Hours at 120°F

6 564-602 40 75 80 5 26 | 52
603-624 20 & Lowest possible flow with
large venturi.
625 15 ‘ 60
626-627 20
628-629 40
630 20 : 52
631-717 - Dry loop.
718 SLZ Injected 100 cc Nl-l3 into loop.

719-741 Y ' Y Y '

Heat Soak - 4 Hours at 120°F

7 742-804 20 75 80 5 26 52
805-807 v 45
808-809 15 T
810-813 10 52

814-894 20 Y _ r ‘ '
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TABLE IV (Concluded)
TEST CONDITIONS
TEST CYCLE FLOW AL Ro BEDO PCOZ VAC DEW
NO. NO. cfm TEMP. °F TEMP. °F m Hg u PT. °F REMARKS
Heat Soak - 4 Hours at 120°F
8 895 10 75 80 5 26 52
896-918 20
919-939 40
940 ‘ ' ’ ' ' Introduced 500 cc H,S into loop.
ACID GAS TEST
1 941-964 60 75 80 5 26 52
966~1031 40
1032-1033 60
1034 40
1035-1042 60
EXTREME TEMPERATURE TESTS
Heat Soak - 14 Hours at 150°F
1 1043-1054 40 75 80 5 27 52
Heat Soak - 12 Hours at 150°F
2 1055-1076 40 75 80 5 27 52
1077-1081 60
1082-1088 | 40 Y Y
Heat Soak - 12 Hours at 150°F
3 1089-1092 40 75 80 5 217 52
1093 20 v
1094-1113 | 40 26 Y
1114-1116 v Y 53
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Hamilton

(1) Series 1 parametric test from Master Test Plan (see Appendix F).

40

Standard DIVISION OF UNITED hﬂc;\rT CORPORATION SVHSER 6185
.
TABLE V
0, REMOVAL CAPACITY
INITTAL PARAMETRIC SERIES

TEST NuMBER(L) 1 2 3 4
BED THICKNESS 3 3 3 3

COp PARTIAL PRESSURE  mmig 3 5 5 5
ATRFLOW cfm 40 40 55 40
ATR INLET TEMP °F 75 120 75 75
AIR INLET DEW POINT  °F 52 52 52 52
COOLANT INLET TEMP  °F 81 120 81 81
ADSORB TIME min 30 30 30 45
DESORB TIME min 30 30 30 45
CYCLE NO.'S 17-43 | 83-88| 90-117 | 120-132
TOTAL CYCLES 27 6 28 13
TOTAL (02 REMOVED 1bs 2,93 | .63 | 3.64 | 1.8

O, CAPACITY 4/cycle | 1.63 | 1.58 | 1.86 | 2.08

Notes:
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Standard . SVHSER 16185
|
TABLE VI
COp CAPACITY
MISSION SIMULATION
MISSION 1bs CO; |Air Flow| CO, Capacity
SIMJLATION Cycle No Cycles | Remove cfm 1bs/Cvcle

1 120°F - 4 HRS
133 - 150 Poor Vacuum - No Data
151 - 179 29 3.65 4] 0.126
180 - 229 51 4.64 41 0.093(1)
230 - 251 22 2.77 41 0.126

2 120°F - 4 HRS
252 - 339 88 11.315 41 0.129
340 - 358 Experimented with Vacuum Level - No Data

3 120°F - 4 HRS
359 - 408 50 6.42 41 0.128

4 120°F - 4 HRS
409 - 426 18 2.065 4 0.115(1)
427 - 453 27 3.28 41 0.121

S 120°F - 4 HRS
454 - 471 18 2.3 41 0.128
472 - 561 89 10.68 20 0.120

6 120°F - 4 HRS
563 - 602 40 4,87 40 0.122
603 - 625 23 2.76 20 0.120

7 120°F - 4 HRS
742 - 780 39 4,51 20 0.116
781 - 806 26 2.98 20 0.115
874 - 894 21 1.87 10 0.089

8 120°F - 4 HRS
895 - 916 22 2.61 20 0.119
919 - 939 21 2.46 40 0.117
940 - 957 18 2.18 40 0.121

Notes: -

(1) Air loop run dry to obtain NH3 reading
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DVISION OF UNITED AIRCRAFT CORP

Standard

®

TABLE VII

EXTREME CONDITION EXPOSURE
00; PERFORMANCE

Number of 1bs. Q0 Air Flow C0o2
Cycle No. Cycles Removed cfm 1bs/Cycle

------------- 500 cC HpS Introduced into Loop---------------

—
(o]
e
(¥l
]
[
o
£
o

8 0.99 60 0.124

=
o
=
oo
]
-
o
(%2
o+
~
o
(e <]
=N
-+
o
(o)
=
[\®)

—
o
wu
0
i
P
o
~3J
(=)}

17 2.04 40 0.12

----------- Canister Heated to 150°F for 12 Hours------------

—
(=]
“w
—
1
[
(=
(=}
[ 8]

2 0.24 40 0.12

Moisture Removal Capacity, Parametric Data

A map showing cyclic water capacity as a function of air flow and dew
point is shown in figure 15. This data was obtained from parametric tests
run during the mission simulations. From this graph it can be seen that an
optimm air flow is about 2 cfm/1b of HS-C. Above this air flow only a small
gain can be made in capacity at the expense of fan power. An alternate
method of presenting this performance is shown in figure 16. This shows
moisture capacity to be roughly proportional to water vapor partial pressure.
Both of these plots appear consistent with expected performance.

The method of measuring cyclic water removal capacity was to integrate
the differential between inlet and outlet dew point measurements. This data
is shown in figures 17 through 19. After any change in conditions, it was
determined that equilibrium had been reached,(i.e., a minimm of two cycles
showed the same results) before a data point was used.
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae

Water Capacity Change

Figure 20 shows the water usage rate as determined by a direct method.
This consisted of draining the rig water reservoir and measuring the amount
of water left. The reservoir had previously been filled with 8000 cc less
100 cc for an ammonia sample. By subtracting the amount left from 7900, the
usage rate for that period was determined. The reservoir was then refilled
and an ammonia sample taken. Test data points are shown in Table VIII.

The data points were adjusted by adding the average usage rate during
the periods when the rig was run dry.

The graph shows that the rate of moisture removal remains constant for
the test period and is unaffected by the 120°F heating periods.

The average removal rate, as determined by the slope of the curve, is
0.032 pounds of water per cycle per pound HS-C. This is in good agreement
with the integration technique described above, which showed a cyclic
capacity of 3.35% or 3.35 pounds per cycle/pound HS-C, at nominal conditions.

Water capacity change also was evaluated by using outlet hygrometer
readings for selected cycles throughout the test series. The hygrometer
readings for these cycles areshown in Table IX. The first hygrometer reading
is at five minutes because dew points prior to that time were off the scale
of the hygrometer used. A hygrometer with an increased range was tried but
found to have too slow a response time to obtain the required data. Using the
integration method described earlier, the water capacities for these cycles
were calculated and shown in Table IX. As can be seen, the total variation
in water capacity is less than 10%, with no indication of degradation over the
1116 cycles.

Ammonia Measurement

The condensor and evaporator in the air loop were extremely effective
in removing all ammonia from the air stream. The method of determining
ammonia generation, therefore, was to measure the concentration of ammonia
in the water reservoir which serviced both the condensor and evaporator.
The accumulated ammonia generation rate is shown in figure 21. The test
data from which this plot was constructed is shown in Table X. The
average rate of ammonia generation is 36 x 10-6 grams per hour per pound
of HS-C. This is close to the mean rate shown in figure 9 as determined
by the off-gassing tests.

There was no correction applied for the time the material was exposed
to 120°F and would, therefore, have a higher ammonia generation rate. It was
assumed that the ammonia generated during the heat periods would be desorbed
to vacuum prior to exposure to the air loop. This assumption was based on
tests which show HS-C to have very little adsorption capacity for ammonia.
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Standard™ "™ c® consomaTon SVHSER 6185
.
TABLE VITI
WATER ADSORPTION - CUMULATIVE

START H,0 IN H,0 CUMULATIVE
oL TAIK LSED -

17 7950 2500 2500

39 2650 5150

44 8000 850 6000

64 8000 1250 7250

LOST 2 CYCLES

86 (1000) 8250
100 7950 3900 12150
113 7930 2680 14830
151 7800 2900 17730
173 7900 2050 19780
179 7350 (900) 20680
229 6200 (1600) 22280
252 8000 - -
270 7900 1100 26080
275 7030 - -
293 7900 2200 28280
297 7416 - -
300 7093 - -
316 7900 1995 30275
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!
TABLE VIII (Continued)
WATER ADSORPTION - CUMULATIVE
START H,0 IN H,0 CUMJLATIVE
OF TANK USED H,0 USED
CYCLE cc cc cc
339 7900 2090 32365
347 4000 800 33165
352 7900 500 33665
358 7900 832 34497
378 5500 2400 36897
RAN DRY
386 7900 (800) 37697
403 7900 2150 39847
408 7900 300 40147
431 7900 1300 41447
451 7900 2000 43447
454 7900 300 43747
470 7900 1690 45437
471 7900 100 45537
492 7900 2150 47687
561 8000 6170 53857
581 7900 2700 56557
603 7900 5500 62057
629 7900 5700 67757
629 - 740 RAN DRY (adjust by adding 10,500) 78257
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Standardmm“wmﬁ;” conmomaTIOn " SVHSER 6185
TABLE VIII (Concluded)
WATER ADSORPTION - CUMULATIVE

START H,0 IN H,0 CUMULATIVE

OF TANK USED H,0 USED
CYCLE cc cc cc

742 7900 - -

758 7900 1800 80057
781 7900 2150 82207
804 7900 2650 84857
873 7900 5050 89907
893 7900 1650 91557
912 7900 1660 93217
935 7900 2850 96067
958 7900 2000 98067
1031 7900 6500 104,567
NOTE: Numbers in parentheses have been corrected to

adjust for rig malfunctions.
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, |
TABLE X
AMMONIA GENERATION MEASUREMENTS
WATER CYCLE NH WATER TOTAL CUMULATIVE | TOTAL
SAMPLE NO. coNe. | QUANTITY NHz NHz HOURS
NO. ppm IN SYSTEM IN SYSTEM ADSORB
IN H,0 cen%ggégers grams x 1072 | grams x 1074 | TIME
0 - - - 0.53 0 0
1 43 1.198 7950 0.95 0.42 22.5
2 90 3.27 6050 1.98 1.45 45
3 99 4.79 4800 2.30 1.77 49.5
4 Baseline .38 8800 0.334 - -
6 132 .84 7600 0.64 2.08 66
7 151 1.46 8450 1.23 2.67 75.5
8 174 1.63 8700 1.42 2.86 87
9 228 2.40 7050 1.69 3.13 114
10 251 1.86 8800 1.63 3.07 125.5
11 269 2.93 8800 2.58 4.02 134.5
12 292 3.03 8800 2.66 4.10 146
13 315 3.84 8800 3.48 4.92 157.5
14 338 3.78 8800 3.42 4.86 169
15 358 3.43 8800 3.02 1.6 179
16 361 3.81 8150 3.10 4.54 180.5
18 402 4.10 8800 3.60 5.04 201
19 408 4.85 8800 4.26 5.70 204
20 430 4.90 8800 4.31 5.75 215
55
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Standa rd DIVISION OF UNITED ugnc;n CORPORATION SVHSER 618 5
,
TABLE X (Concluded)
AMMONTA GENERATION MEASUREMENTS

WATER | CYCLE NHz WATER TOTAL CUMULATIVE | TOTAL

SAMPLE NO. CONC. | QUANTITY NHz NH HOURS
TE | M | ot || e

2 centimeters grams x 10 grams x 10

21 450 5.71 8800 5.02 6.46 225
22 453 6.51 8800 5.72 7.16 226.5
23 469 6.46 8800 5.69 7.13 234.5
24 471 1.35 8800 1.19 - 235.5
25 491 2.00 8800 1.76 - 7.70 245.5
27 561 2.21 8800 1.94 7.88 280.5
28 580 2.82 8800 2.48 8.48" 290
30 603 .62 8800 0.545 - 301.5
31 630 1.67 3000 0.502 - 315
32 742 .62 8800 0.545 - 371
33 758 2.15 6900 1.48 9.35 379
34 759 1.92 8800 1.69 10.56 379.5
35 781 2.79 6550 1.83 10.70 390.5
37 805 4.02 6150 2.47 10.37 402.5
40 893 4.03 7150 2.88 10.78 446.5
42 912 4.22 7140 '3.01 10.91 456
44 935 5.88 5950 3.50 11.40 467.5

NOTE: Samples 5, 17, 26, 29, 36, 38, 39, 41 and 43 were omitted because

56

they were part of calibrations or were taken before proper mixing
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Atmosphere Ammonia Measurements

The ammonia measurements in the gas stream ranged from 0-10 ppm. Since
the accuracy of the detection method was approximately 10 ppm, these measure-
ments were not assumed to have significance.

Ammonia Adsorption Capacityﬂ'of HS-C

It was theorized that HS-C may be a potential regenerable ammonia sorbent.
To test this theory the loop was run dry and 100 cc of ammonia gas was injected
into the loop. The ammonia level then was measured in the loop air for six
cycles. The results of this test are shown in Table XI.

The free volume of the HS-C canister was determined to be 0.21 that of
the total air loop. This rate was used to calculated ammonia decrease as a
function of ullage only, the rate of decrease being 1/1.2 per cycle.
TABLE XI

AMMONIA ADSORPTION EVALUATION

ppm ppm Reduction Calculated
Cycle Meas. from Ullage Only
1 1053 1053 -
2 388 875 -
3 138 725  138)
4 - 599 114 | calculated decrease
>assuming 138 ppm
) - 495 941} at cycle 3
6 79 409 78

From Table XI it can be seen that the initial ammonia level reduction in
the test loop is greater than could be accounted for by ullage. After a level
of 138 ppm is reached, ullage can account for all of the reduction indicating
that adsorption has no significant role at this level. From this data, it is
concluded that HS-C has little or no capacity to remove ammonia at the level
of interest, which is 10 ppm.

Canister Pressure Drop

Figure 22 shows the canister pressure drop for 30-40 mesh material. The
pressure drop includes the two 50 mesh screens and the canister headers. Test
data is available from two bed thicknesses and can be used to predict pressure
drop for alternate designs.
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'FLIGHT CONCEPT DEFINITION

A flight system was sized to meet the present Shuttle requirements of
ten men and a normal cabin (02 partial pressure of 5 mmHg. The system was
concepted to meet the fail operational, fail safe Shuttle design criteria.

The proposed system is shown schematically in figure 23. The system
contains three HS-C canisters, two operating and one redmdant. A LiCH
canister is provided to meet the requirement to fail safe after a second
failure. The LiOH also would be used for atmospheric flight, where vacuum
for desorption is not available.

Each canister is a crossflow heat exchanger, one side of which is packed
with HS-C and the other side designed to provide sufficient heat transfer for
the desorption cycle.

System airflow first passes in series through the heat transfer passages
of the three canisters. In the process the airflow is cooled by the desorbing
canister. The flow then is ducted to the active adsorbing bed, where its
moisture and COp are removed.

TEN-MAN HS-C CANISTER

The ten-man HS-C canister, figure 24, was conceptually designed with a
four segment desiccant bed configuration to produce a unit that is nearly
. cubic in shape. Each HS-C bed segment, which is four inches thick and
measures 17.80 inches wide by 16.50 inches deep, is composed of alternate
layers of herringbone fin cooling passages. The cooling passages, 26 in
number and 1/4 inch in thickness, allow cooling air to flow from front to
back; the HS-C containing passages, 25 in number and 3/8 inch in thickness,
allow process air to flow from bottom to top. Fine mesh screens, supported
by backup strips and securely welded or riveted to the cooling passage closure
bars, provide for top and bottom containment of the HS-C material within the
HS-C passages. The HS-C is loaded into - or removed from - the bed through
filling tubes located in the HS-C passage closure bars. The fin perforations
allow cross-flow of the HS-C particles during the loading process. The
canister assembly consists of the four HS-C beds stacked in layer form with
a one inch separation between the beds.

As illustrated in figure 25 process flow is directed into the top,bottom,
and center headers which are ported together through a four inch vertical line
located on the side. Process flow then is removed from the alternate headers,
which are also ported together through a four inch vertical line located on the
other side. During vacuum desorption of the HS-C beds both the inlet and
outlet process flow lines are vented to vacuum, thereby allowing desorption
from both sides of each HS-C bed.
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CANISTER FLOW ARRANGEMENT
FIGURE 25

The cooling flow enters a four inch vertical line located in front, passes
into each of the four front cooling flow headers, flows through the cooling
passages of each of the four HS-C beds, flows into the four rear cooling flow
headers, and passes out through a rear mounted four inch vertical line. The
entire unit is mounted in the vehicle or in the test section by means of
attachment flanges located on each of the four vertical four inch lines.

1 The performance requirements used to size the flight concept unit are the
requirements presently being considered for Shuttle.

These requirements are

number Of MeN...vveereeeeeenennsnanns 10

COZ production rate......ceoeuevevees 21.1 1bs/day
moisture production rate............ 43.2 1bs/day
design CO, partial pressure......... 5 mm Hg
design dew point....ceceevacenaanss 61°F

The approximate method for sizing the HS-C canisters is given below. This
size is based on 30 minute adsorb and 30 minute desorb times. An actual design
will require the optimization of all parameters affecting performance.
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Canister Sizing

(0, Removal
The required CO, removal rate is 21.1 pounds/day, which equals

z%il-= 0.88 1bs/hour.

For the selected 30 minute adsorb/30 minute desorb cycle there are two
adsorb periods per hour. Thus the required capacity per cycle is

0.88 1bs/hr
2 C}’CIGS 751- = 0,44 1bS/CYC16. -

From figure 14, 00, removal capacity at an assumed flow of 2 cfm/1b, which is
the knee of the capacity curve, is 1.5% (0.015 1bs/cycle - 1b HS-C). Therefore,
the amount of HS-C required per canister is

0.44 1bs/cycle _
0.015 1bs/cycle - 1b HS-C - 29-3 1bs HS-C.

Water Removal

The required water removal capacity is 43.2 1bs/day. Therefore, the
required water removal capacity per cycle is

43.2
X7 0.90 1bs/cycle.

For a 29.3 pound canister this gives a water capacity of

0.90 1bs/cycle
29.3 1bs

= 0.0307, or 3.07%.

From figure 15, fhe airflow required to obtain a 3.07% water capacity is 1.5
cfm/1b. Since this is less than the 2 cfm/1b required for €O, removal, it is
apparent that CO, capacity is the sizing factor.

Adirfiow

The above discussion on CO, Removal derives that 29.3 pounds of HS-C are
required for each canister and that this relates to a flow of 2 cfm per
pound of HS-C. Therefore, the required airflow is

29.3 1bs HS-C x Z.OI§£%§7§'= 58.6 cfm .
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System Pressure Drop and Power

From figure 22, the canister pressure drop for a three inch thick bed is
AP = 1.4 inches of H,0 .
For a four inch thick bed, AP = 1.4 x %—= 1.87 inches of H,0 .

The airflow goes through three canisters in series each with a pressure

drop of 0.50 inches of HZO'

The total AP pressure drop then is .

adsorbing canister........cce00uen 1.87
heat exchange passages.......ecv.. 1.50
valves and ducts..........ceeceennn 1.00
Total.ieiiieieeeeneeensaneseacnnns 4.37 inches of H,0

The power required is

= cfm x AP - 58.5 x4.37 = £
Power 5 7 73 watts

The 3.5 conversion factor in the above equation includes an assumed overall
fan efficiency of 41%.

Ammonia Generation

From the large scale testing it was determined that HS-C produces 36 x 10-6
grams of ammonia per hour of adsorb time, per pound of HS-C. For the proposed
design the 1b - hours/day are

29.3 1bs HS-C x 24 hours = 704 1bs HS-C - hours .
day day

The resulting ammonia generation is calculated as

704 1bs HS-C - hours . 36 x 1076 grams N,
X 3 - 0.0254 grams NH
day 1bs HS-C - hours — day

This is a negligible amount compared to the predicted metabolic rate of 3
grams/day for 10 men in the Shuttle.
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Using the above generation rate and assuming a zero leakage cabin
having a volume at 2000 cubic feet, the ammonia concentration would
increase as follows:

g gms/meters/day

3
NH, concentration = gen. Trate x ft°/meter
3 cabin volume - ft>

0.0254 5.4 -
= 200%; 5 = 0.45 x 1073 gms/neters/day
The allowable concentration is 3.5 x 1073 g;ms/meterz’/day. It would be reached
only after 7.8 days and then only if there were no leakage in the cabin and if
there were no ammonia removal equipment aboard.
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NITROGEN, AMMONIUM

Nessler’s Method .
Standard Methods, 12th Ed., page 193

Two methods are given by the APHA Standard Methods for carrying out this test: one is a
distillation method for the separation of the ammonia from the water, and the other is the
direct Nesslerization method. The distillation method permits the concentration of trace
amounts of ammonia. Only the direct Nesslerization procedure is given below, though the
same calibration table can be used with both procedures provided any change in volume of
the sample due to distillation is taken into account.

Procedure

1. Measure a 25 ml water sample by filling a clean 25 ml graduated cylinder to the 25 ml
mark. Pour the sample intoa clean 50 ml flask. See Notes A and B.

2. Measure a 25 ml sample of demineralized water by filling another clean 25 ml graduated
cylinder to the 25 ml mark. Pour it into a clean 50 ml flask.

3. Add to each sample 1.0 ml of Nessler's Reagent. Swirl to mix. If ammonium nitrogen is
present, a yellow color will develop. Allow ten minutes for full color development.

4. Use the prepared sample of demineralized water for standardizing the instrument.
Measure the color of the prepared water sample and find the ppm ammonium nitrogen
(N) from the table.

Notes

A. The temperature of the sample should be 20°C. If the sample temperature is above
200C, the results of the test will be high; if below, the results will be low.

B. If the hardness of the water sample is above 100 ppm (about 6 grains) a positive inter-
ference may result due to the precipitation of magnesium hydroxide. To eliminate this
interference, add one drop Rochelle Salt Solution to the demineralized water sample
and to the water sample before adding the Nessler’s Reagent in Step 3

C. In addition to calcium and magnesium, iron and sulfide may interfere by causing the
formation of turbidity with the Nessler’s Reagent. Pretreatment with zinc sulfate and
alkali may be used to eliminate interference from these sources. See Standard Methods
for details,

D. There are a number of rarely encountered compounds (mostly organics) which may
interfere. Some of these are hydrazine, glycine, various aliphatic and aromatic amines,
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organic chloramines, acetone, aldehydes and alcohols. Some symptoms may be a yel-
lowish or greenish off-color or a turbidity. If these compounds are present, it may be
necessary to distill the sample before the test is performed. See Standard Methods for
details.

E. For dilution of samples, see Sample Dilution Techniques.

F. The results of this test are given in terms of ppm ammonium nitrogen (N). To express
as ppm ammonia (NH3), multiply the N value by 1.21. To express as ppm ammonium
(NH4*), multiply the N value by 1.29. -

B & L SPECTRONIC 20 CALIBRATIONS

Nessler’s Method
425 nm - % inch test tube |
o 1 2 3 4 5 6 7 8 9
30 : 2.52 2.46 2.43 2.35

40 229 223 2.18 2.13 2.07 2.02 1.97 1.93 1.89 1.84
50 1.80 1.7 1.70 1.66 1.62 1.58 1.54 1.50 1.46 1.43
60 1.39 1.35 1.31 1.28 1.25 1.21 1.17 1.15 1.1 1.07
70 1.04 1.01 0.98 0.95 0.92 0.89 0.86 0.83 0.80 0.77
80 0.75 0.72 0.69 0.66 0.64 0.61 0.58 0.56 0.53 0.50
90 0.48 0.45 0.43 0.40 0.37 0.35 0.30 0.25 0.21 0.15

Replacement Chemicals

Cat. No.

151-11 Nessler’s Reagent pint $4.00
1725-33 Rochelle Salt Solution 1 oz DB* 1.40
1725-14 Rochelle Salt Solution 40z 2.10

*Dropping Bottle

Prices subject to change without notice
FOB Ames, lowa

HACH GHEM'GAL GOMPANY : To order, or for more information,
Box 907, Ames, lowa 50010 U.S.A. HACH) use card'in back. |
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B. Dustillation Method

1. General Dis-prssion

1.1, Principle: Free ammonia nitro-
gen can be quantitatively recovered by
distillation when tne distillation mix-
ture is maintained at about pH 7.4.
The distillate may be collected in a
volumetric flask for nesslerization or
the sample may be distilled into boric
acid or standard sulfuric acid and the
ammonia determined by titration.

1.2. Interference: Ammoma recov-
ery will be low on samples containing
more than 250 mg/1 calcium unless suf-
ficient phosphate buffer is added. The
calcium and phosphate of the buffer
react to precipitate calcium phosphate,
releasing hydrogen ions and lowering
the pH. A number of aliphatic and
aromatic amines, organic chloramines,
acetone, aldehydes, and alcohols, among
other undefined organic compounds,
yield a yellowish or greenish off color
or a turbidity following the addition of
nessler reagent to distillates collected
from dechlorinated samples. Sulfide
has also been reported to cause turbid-
ity following nesslerization, a condition
which may be avoided by adding lead
carbonate to the flask prior to distilla-
tion. Volatile substances, such as for-
maldehyde, can be removed by boiling
at low pH, after which the sample can
be distilled and nesslerized in the nor-
mal way.

The titration procedure is also sub-
ject to amine interference because the
standard acid can react with such alka-
line substances. The titration process

is free of interference from neutral or-
ganic compounds.

2. Apparatus

2.1. Distillation apparatus: A glass
flask, R00 ml, with a condenser and
adapter so arranged that the distillate
can be collected either for nesslerization
or in standard H.SOy or H3BOj; solu-
tion for titration. '

2.2. Colorimetric equipment: The
same colorimetric equipment is re-
quired as for Method A.

3. Reagents

3.1. Ammonia-free water: Prepare
as directed in Method A, Sec. 3.1.

3.2. Phospkate buffer solution,
0.5M. Dissolve 14.3 g anhydrous
potassium dihydrogen phosphate,
KH,PO,, and 68.8 g anhydrous
dipotassium hydrogen phosphate,
K;HPOy, in ammonia-free water and
dilute to 1 liter.

3.3. Standard sulfuric acid titrent,
0.02N. Prepare as directed in Part I,
Alkalinity, Sec. 3.2; 1.00 ml = 0.28 mg
N. Other strengths of standard acid
may be used.

3.4. Indicating boric acid solution:
Prepare as directed under Nitrogen
(Organic), Sec. 3.8.

3.5. Standard ammonivm chloride
solution: Prepare as directed in
Method A, Sec. 3.5. .

3.6. Nessler reagent: Prepare as di-
rected in Method A, Sec. 3.6,



Hamilton
Standard

DIVISION OF UNITED AIRCRAFT CORPORATION

Re

4. Procedure

4.1. Distillation: Steam out the still
until free from ammonia. Place 100-
400 ml of sample in an 800-ml kjeldaht
flask. Neutralize to pH 7 if the sam-
ple is acid or alkaline. Add 25 ml
phosphate buffer solution, which should
keep the pH of the distillation mixture
at 7.4 during the distillation. For sam-
ples containing more than 250 mg/1
calcium, add up to 40 ml of buffer solu-
tion first and then adjust the pH to 7.4
with acid or base. Dilute to 400 ml
with ammonia-free water and distill
200 m} into a 200-m! graduated flask
for nesslerization or into standard
H,50, or H3BOj3 solution for titration
as described. in Nitrogen (Organic),
Sec. 4.

4.2. Nesslerization: Dilute an aliquot
of the distillate with ammonia-free
water, nesslerize, and compare colors
as directed in Method A, Sec. 4.5.

4.3. Titration: If the concentration
of ammonia nitrogen is greater than 5
mg/1, collect the distillate in 30 ml in-
dicating boric acid solution, and back-
titrate with standard H.SO, titrant as
in Nitrogen (Organic), Sec. 4.3 and
44,

5. Calculation

For nesslerization:

mg/l ammonia N = &g%_oio

SVHSER 6185

where R = m] standard solution, § —
m] sample, and d = distillate nessler-
ized.

For titration:

mg/l ammonia N
__m} H.SO, titration X 0.28 X 1,000
- ml sample

6. Precision and Accuracy

The distillation and titration proce-
dure is more accurate than the direct
nesslerization method. The recoveries
are 99 to 100 per cent and the preci-
sion, over a range from 5 to 50 mg/l,
anay be expressed as a standard devia-
tion of 0.18 ml H,SO,, or 0.5 mg/l
when a 100-ml sample is wused
(n=23; 5X5).

The distillation and nesslerization
method is more precise for concentra-
tions of 1 to 5 mg/1. Using a 100-ml
sample and a 25-ml aliquot from the
200-ml} distillate, the standard devia-
tion was 0.0019 mg ammonia nitrogen
or 0.15 mg/1 (n=1,; 11 X 10).

Bibliography

1: PueLrs, E. B. A Critical Study of the
Methods in Current Use for the Deter-
mination of Free and Albuminoid Am-
monia, 4PH A4 Public Health Papers -
Repts. 29:354 (1903) ; J. Infectious Dis-
eases 1:327 (1904).
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‘Procedure for Calibration of the Coleman Spectrophotometer 295

Five samples of known ppm (by weight) of NH,Cl in distilled water
were prepared for the calibration curve namely 0.0, 0.5, 1.0, 1.5, 2.0.
The procedure is as follows:

1.
2.

Measure out 25 ml of each known sample into a clean 50 ml flask.

Add to each sample 1.0 ml of Nessler's Reagent. Swirl to mix.
Allow 10 minutes for full color development. A detailed descrip-
tion of Nessler's Method is provided in Appendix A of this report.

From each flask pour sample into 12 mm test tubes. Set the wave
length at 425 on the spectrophotometer. Insert the 0.0 ppm tube
first and set meter to 80 with gain control, then place each of
the four known samples in the spectrophotometer and record results.

From the data taken in step 3,a calibration curve can be made on
Coleman #14-322 chart paper.

C-1
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Procedure for Gas Scrubbing in Collection Bottle

The fritted tube remains on the sample bomb outlet immersed in
distilled water at all times to prevent flow variations, which cause the
reading to fluctuate. The procedure is as fnllows:

1. Measure out 100 ml of .0Z normal H,SO4 in graduate and put in
sample bottle. _

2. Remove fritted tube from watér and rinse with distilled water.
Place tube into sample bottle and record the time.

3. Place the tygon tube from the flowmeter on the sample bottle
outlet and record flow.

4. Remove after 15 minutes for high ppm ( >1000) sample bombs and
60 minutes for low ppm (<1000).

5. Place the fritted tube back into distilled water.
6. Measure out 25 ml. into 50 ml flask from sample bottle.
7. Measure out 25 ml. into 50 ml from .02 normal HZSO4.

8. Add 1 ml to each flask, allow 10 minutes for full color develop-
L ment.

9. From each flask pour sample into 12 mm test tube and insert the
0.02 normal H,SOy sample into the spectrophotometer and set dial
to 80 using tﬁe gain control. Then insert the unknown sample into
spectrophotometer and record dial reading.

10. Use the following calculations to obtain ugms/hr (1b HS-C or PEI).
Take dial reading and obtain curve value in ppm.

gm/ml . total ml

molecular wt ammonia .
curve value) x - X (sample size
( ) molecular wt nitrogen ( )

x dilution factor x 80min/hr 454 gm/1b - pgms/hr-1b HS-C or PEI
sample sample
time (min) wt. (gms)
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11. Plot ugm/hr-1b HS-C or PEI versus elapsed time with gas flow.

12. If reading falls below 35 on dial, dilute sample to bring reading
up to 40 - 60 range.

Error Analysis

An error analysis of the test method was conducted as described in
this section.

sample time 60 min + .5

15 min + .25
sample size 100 ml. + 1 mi.
spectrophotometer reading + 1 division

Taken from

reading error\ + (sample size errbr) + (sample time error) = Total Error
igure D-1

If a reading of 60 is obtained on a sample that ran for (15 minutes the
error would be as follows:

4.7% + 1% + 1.7%

Total Error

7.4% = Total Error

An increase in readings due to flow increases has been noted, but after

extended time (>15 hrs) the reading drops to a value corresponding to measure-
ments with lower flows.

Figure D-1 presents the percent error on the Coleman Spectrophotometer
295 with a + 1 division accuracy.

D-2
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Test Report No. 9559

No. of Pages 2

Report of Test on

TEST SAMPLES

for

HAMILTON STANDARD

under

PURCHASE ORDER NO. 040859

ENVIRONMENTAL

TESTING
ACTON

CORPORATION

Dote September 12, 1972

Prepared Checked Approved
By A.Dentino- | W.Schreiner | M.L.Tolf

sigd | 1 A 1t ol

MLT:AD/hmf

oote | 73/72. | Y0z/2r |9/ 005
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Administrative Data

To determine if the test samples will

1.0 P f Test: satisfactorily meet the requirements of
the fungus test as specified in MIL-STD-8108.

2.0 Manufacturer:
HAMILTON STANUDARD
' . | . Series 3 HSC
Series 3 Substrate
PEI 18
4.0 Drawing, Specification or Exhibit: MIL-STD-810B
Mﬁmﬂi&m—m One (]) each of the above
0§ vy Classificati f | .
NONE
2.0 Date Test Completed:
September 5, 1972
8 t t ; A.C.Dentino

9.0 Disposition of Specimens:  Ihe samples were returned to.
. Hamilton Standard

10.0 Abstract: . )
Refer to RESULT section herein.

Report No. 9559 Page !

ENVIRONMENTAL

TESTING
ACTON

CORPORATION
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1.0 REQUIREMENTS

The test samples shall be exnosed to the funaus test
as specified in MIL-STU-8108B.

Following the test, the samples shall be visua11y'
examined to determine if there is any evidence of funqus
growth.

2.0 PROCEDURES (

The test samples were suspended in a Tenney Enqincer-
ing Fungus Chamber, Model TH16. The samples were then in-
noculated with each of the required fungus spores. The
chamber temperature was 8¢°F. These conditions werc main-
tained for a period of 28 days.

At the end of 14 days, the chamber was opened and the
control sample inspected for an abundant funqus qrowth.

At the end of the 28-day period, the samples were
removed from the chamber and visually examined for any
evidence of fungus.

3.0 RESULTS

After 14 days, the control iteélghowed an abundant
fungus growth.

After 28 days of test, the samples showed no evidence
of fungus qrowth.

The test samples were returned to Hamilton Standard
for further evaluation.

Note:

(1) The control item is a known fingus nutrient, not HS-C.

Report No. 9557

ACTON Page

CORPORATION E-3
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SOLID AMINE IMPROVEMENT PROGRAM
MASTER TEST PLAN

PREPARED UNDER CONTRACT NAS 9-12957

by

HAMILTON STANDARD
DIVISION OF UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
for
NATIONAL AERONAUTICS AND SPACE ATMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

AUGUST 1972

Prepared by: / /i{//

9’[./ S. Lovell

Program Engineer

SRR
Approved by: ¥ H,;{Wﬂﬂhulm{

F. H. Grdenwood
Program Manager
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DRL ITEM 3
MASTER TEST PLAN

It is the purpose of this document to supplement the Program
Operating Plan in order to provide additional instruction to the
test engineer.

F-2
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HS F-027 6756
TEST NO. HAMILTON STANDARD PAGE 1 oF
P
LAN OF TEST Task 1.1 ‘
PROJECT & ORDER: APPROVED BY:
INSTRUCTION : i - TEST ENGINEER:
TIME PERIOD: August 14, 1972 To October 7, 1972
1. WHAT IS ITEM BEING TESTED?
2. WHY IS TEST BEING RUN? WHAT WiLL RESULTS SHOW OR BE USED FoR?
3. DESCRIBE TEST SET UP INCLUDING INSTRUMENTATION. ATTACH SKETCH OF INSTALLAT!ON.
4. ITEMIZE RUNS TO BE MADE GIVING LENGTH OF EACH AND READINGS TO BE TAKEN.
5. SPECIAL INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATORS AND HANDL ING EQUIPMENT.
OBSERVATIONS BY SIGHT, FEEL, OR HEARING, LIST POINTS OF OBSERVATION WHICH MIGHT
CONTRIBUTE TO ANALYSIS OF (A) PERFORMANCE OF UNITS, (G) INCIFIENT TROUBLE BEFORE
IT OCCURS, AND (C) CAUSE OF FAILURE. :
6. HOW WILL DATA BE USED OR FINALLY PRESENTED? GIVE SAMPLE PLOT, CURVE. OR TABULATION

AS IT WiILL BE FINALLY PRESENTED,

NUMBER ENTRY AS L :STED ABOVE AND DESCRIBE BELOW

1. HS-C adsorbent material from NAS 9-11971 series III full scale test.

2. To determine NHz off-gassing characteristics.

3. No special test setup is required. Vacuum ovens will be used for

sample preparation and a 10 (M cell IR spectrophotometer will be used

for analysis. The following existing equipment will be avezilable for

this program.

a. (3) Vacuum ovens.

b. (3) Vacuum pumps.

c. (1) Small scale sorbent performance test rig

(1/4/73 - 2/15/73).

d. (1) IR gas analyses with (2) 10 (M cells.

In addition, the following will be purchased under this contract.

a. Twenty sample bottles with shut-off valves and quick

disconnects.

b. Calibration gasses and miscellaneous chemicals.

F-3
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The IR will be

.2.1.1 of the program

Temperature, time and vacuum levels will

IRPORATICN

F-4

TIME

As

Prior to each new test series the sample bottles will be

cleaned and checked for residual ammonia.
calibrated prior to each use and after every fourth sample.

The following data is expected from this test program.

Test runs as defined in paragraph 3

operating plan.
be recorded.
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a. Amonia production is a result of primary amine group,
will increase with time.

b. Ammonia is a result of a contaminant and will eventually

disappear. :
B. T ‘ T I T
T i 1 |
] 1 R I
S ! T : !
) I I L I VA .
(assuming A a.)i 0, - ATMOSPHERE
: l e
: ) |REER [
] ; : f B
I o !’?‘b“
NH EEER T b
3 A : = |
RN = INERT ATMOSPHERE
a8
! i
f E
TIME

Anine breakdown results from oxidation of primary amine
group.

C . ‘

a4

L
1l

T t T‘Tff

TEMF

A characteristic as shown above would indicate that thermal
decomposition is the primary cause of ammonia production.
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TEST NO. HAMILTON STANDARD PAGE | OF
PLAN OF TYEST Task 1.2

JOB: NAS 9-12957 PLAN PREPARED BY: J. Lovell

PROJECT & ORDER: August 14, 1972 APPROYED BY; December 31, 197

INSTRUCTION: . TEST ENGINEER:

TIME PERIOD: TO

-

WHAT 1S ITEM BEING TESTED?
WHY IS TEST BEING RUN? WHAT wiLL RESULTS SHOW OR BE UsED FOR?

DESCRIBE TEST SET UP !NCLUDING INSTRUMENTATION. ATTACH SKETCH OF INSTALLATION.
ITEMIZE RUNS TO BE MADE GIVING LENGTH OF EACH AND READINGS TO Bf TAKEN.

SPECIAL INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATORS AND HANDLING EQUIFMENT.
OBSERVATIONS BY SIGHT, FEEL. UR HEARING. LIST POINTS OF OBSERVATION WHICH MIGHT
CONTRIBUTE YO ANALYSIS OF {A) PERFORMANCE OF UNITS, (B) {NCIPIENT TROUBLE BEFORE
1T OCCURS, AND (C) CAUSE OF FAILURE.

HOW WILL DATA BE USED OR FINALLY PRESENTED? GIVE SAMPLE PLOT, CURVE, OR TABULATION
AS IT WILL BE FINALLY PRESENTED.

NUMBER ENTRY AS L I!STED ABOVE AND DESCRIBE BELOW

1. Improved HS-C.

2. Determine effect of methods of reducing or eliminating ammonium
from PEI. '

3. See Attachment 1.

4. Samples of improved PEI will be tested for up to 200 hours to
determine degree of improvement. A gas chromatograph will be used
to determine ammonia production rate. The nominal temperature will
be 150°F, however, temperature may be varied to accelerate testing

if necessary.

5. None.

6. None.

F-6 | .
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HS F-927 6/%6 SVHSER 6185

TEST No. HAMIL TON STANDARD PAGE 1 OF ____
PLAN OF TEST

os. _ SOLID AMINE DEVELOPMENT PROGRAM pav pReparsp 8v: _ F. Kester

PROJECT & ORDER: APPROVED BY: J. Lovell

INSTRUCTION: Large Scale HS-C B TEST ENGINEER: W. Conway

TIME PERIOD: Dec. 1972 To March 1973

1. WHAT Is

ITEM BEING TESTED?

2. WHY 1S TEST BEING RUN? WHAT WILL RESULTS SHOW OR BE UsSED FoR?

3. DESCRIBE VEST SET UP !NCLUDING INSTRUMENTATION. ATTACH SKETCH OF INSTALLATION.

4. ITEMIZE

5. SPECIAL

RUNS TO BE MADE GIVING LENGTH OF EACH AND READINGS TO BE TAKEN.

INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATORS AND HANDL ING EQUIPMENT,

OBSERVATIONS BY SIGHT, FEEL, UR HEARING., LIST POINTS OF OBSERVATION WHICH MIGHT
CONTRIBUTE TO ANALYSIS OF (A) PERFORMANCE OF UNITS, (B) INCIPIENT TROUBLE BEFORE
1T OCCURS, AND (C) CAUSE OF FAILURE.

6. HOW WILL DATA BE USED OR FINALLY PRESENTED? GIVE SAMPLE PLOT, CURVE, OR TABULATION
AS T WILL BE FINALLY PRESENTED.

NUMBER ENTRY AS L{STED ABOVE AND DESCRIBE BELOW

1. 10 pounds HS-C prepared in-house.

2. To demonstrate feasibility of HS-C material for use on Shuttle for

desiccant and CO, control in a full scale test.

The objectives of the test program are:

a. Material degradation under worst case mission profiles.

b. Ammonia production rates under mission simulation.

Ammonia scrubbing capability of HS-C.

o
d. Nitrogen purging operating parameters for ground operation.
e. Investigation of other toxicants (e.g., ethvlene imine).

3. The conditioned air to the canister is run in a closed loop, i.e. air,

effluent from the canister is reconditioned and becomes incoming air by

the addition of water and CO,. The COp added is weighed and reported

for each cycle.

Air must be added to the loop once each cycle to compensate for the

ullage lost during desorption; this air is weighed and reported.

During the adsorption cycle the control valves will be as shovn and air

flow directed through the test canister. The CO, partial pressure at the

canister 1nlet ‘wilTl be maintained constant by addlng L0, under closed Toor

~Ant+vral M. AT 3 daw 2271 L
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Re

Test Requirements

A.

Test Equipment Requirements

Hamilton Standard test rig #88 will be used for this test program (see
figure 1). It will provide a stream of conditioned air to the HS-C
materials under test with automatically controlled pressure, flow rate,
(0, partial pressure, dew point, and temperature. The conditioned air
shall be maintained for the selected adsorption time while the canister
is cooled by a constant temperature water coolant. At the expiration
of this time desorption begins automatically with the isolation of the
test canister from the conditioned air and the application of a high
vacuum to the HS-C in its canister. The water coolant is maintained, and
and heats the canister during desorption. The entire cycle is repeated
until the results repeat, when the system is said to be in ''cyclic
equilibrium".

Reliability

The reliability of the test equipment must be such that the initial and
final test runs are reproduced within the run tolerance (see item E below).

Loads

Not applicable.
Predicted Environments
Not applicable.
Allowable Tolerances

Each run shall be repeatable to the '"run tolerance', defined as + 10% on
CO, and H,0 capacity.

Applicable Standards
None.

Dew point, pressure,inlet gas temperature, bed temperature and cycle times

will be automatically controlled to test values by Rig #88. Desorption vacuum
will depend on rig capacity.

F-9
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SVHSER 6185
Standard Re

4. The HS-C canister is to be set up on Rig #88 as shown in figure 1.
Rig #88 will be adjusted to give the desired experimental conditions
during cyclic operation.

Required measurements are as. follows:

Cycle Time Minutes + 1% of Interval

Air Flow Rate in H,0 + 10% of Flow
Reported in CFM

Inlet Temperature °F + 2°F

Inlet Pressure psia + 0.2 psia

Hygrometer (dew point) . °F t+ 2°F

Water Temperature °F + 2°F

Inlet and Outlet COp volts + 2% of full scale

Reported as mm Hg

-(full scale = 5 mm)

Weight CO, Added 1bs + .02 1bs

Weight Air Added 1bs + .02 1bs

Desorption Vacuum Microns + 5% of non-linear
scale of Hastings
gauge as calibrated
for air

Ammonia Concentration ppm + 1 ppm

F-11
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SERIES 1. PARAMETRIC PERFORMANCE: TEST

Objective: A. To determine baseline performance to be used for comparative
purposes.

B. To detemmine whether an ammonia sorbent is required as part
of the HS-C subsystem.

Test Number 1 2 3 4 5
Bed Thickness 3" 3" 3" 3" 3"
Cycle Time - ad. 30 30 30 45 45

des. 30 30 30 45 Variable
Flow - cfm 40 40 60 40 40
Air Temperature °F 4 75 120 75 75 75
Bed Temperature °F 80 120 80 80 Variable
Pco, - mm Hg 3.0 5.0 5.0 5.0 5.0
Pressure - psia 14.7 14.7 14.7 14.7 14.7
Vacuum level - microns 20 20 20 20 20
Test duration - hours 48 24 24 24 48
Type of purge vac vac vac vac N,
Air dew point - °F 52 52 52 52 52

Special Measurements: Ammonia level in loop air and in humidifier
to be measured daily.

If the ammonia level in the atmosphere leaving the HS-C canister exceeds

10 ppm during test number 2 an ammonia sorbent will be added to the system
prior to further testing.

E-12
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SERIES 2. - MISSION SIMULATION

Objective: To detemmine effect of extreme mission temperature conditions
on material performance. _

Nominal Performance Conditions

Bed Thickness 3"

Cycle Time - ads. 30 min
des. 30 min

Flow 40 cfm

Bed Temperature 80°F

Poo, 5.0 mm Hg

Temperature dew point 52°F

Air Temperature 75°F

Procedure

Heat canister to 120°F for four hours. Return to nominal test
conditions and run for three days.

Repeat above cycle seven times.

During the first and fourth simulations obtain sample of chamber
atmosphere for trace contaminant analysis.

Continue to sample ammonia on a daily basis.

F-13
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SERIES 3. EXTREME TEMPERATURE DEGRADATION TESTS

Objective: To measure performance degradation resulting from exposure
to an extreme temperature.

Heat sealed canister to 150°F for twelve hours.

Test performance at nominal test conditions for twenty-four hours.
Repeat above cycle twice.

Obtain ammonia sample from canister just prior to cooling.

Obtain atmosphere sample for trace gas analysis.

F-14
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ACID GAS TESTS

SERIES 4.
Objective: To determine HS-C degradation resulting from trace contaminants.

Procedure .
Trace quantities of hydrogen sulfide will be introduced into the system
and testing continued under nominal conditions for four days.

F-15
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1972

1973

Rig Checkout

Series 1

DEC.

JAN.

FEB.

MAR.

Series

2
Series 3
4

Series

SCHEDULE

F-16




Hamilton
Standard

OIVISION OF UNITED AIRCRAFT CORPORATION

®

APPENDIX G

‘DATA LOG SHEETS
FOR LARGE SCALE TEST

SVHSER 6185



ik

KA o

s Mas Lm

U

, SVHSER 6185 —

e

g g
. m FIOR S ML (v YOV prdemS 0@ T M
,w, e AT v *
m rame AR e aee e R A I I A A R I R A R P
; o' oL | sspl| ®L] | 20 ST ® | €5 | S0 A% | 0% | 405 | 97 [FFeI] A WEU] 2R ] S, bE LOEQI IR
- = T 7=
AN - o AR IRy AR A
m . Bl = R I B e PR
_ _ ! -~ AN - TLEEIT (g5 ¥0 | - | BT | ORI
e
TE | o [ SaT| Tl OFe | Lpo- | 58 T 2F | % = TTTe s [ Z7 [ pps/| 10 63407 Iz | 7 «m* [[37A%4
oe | O | S9H| F27| OfE |39 -] 98| 8| 15| SL| #4 ser g |~ < | T < o & | Ig,] o s
E | i 574 ST 03T (e | by | B %5 | 56| k2| OF [ o& | ~ |G| I o] WL b 0¥ e o)
e | o [STFI[GEZ 057 | Swe-| 58 | a3 | B8 | s6| 60 | 00| TeE| Fr [5aAe7 (Sl Koy Bl pe N IESGRE
PRy T A R T R TR A A W X R 2 ZL A ZO A AR R
TE | G| 524l O7%| ST [ AT 5B LR ST oR [N N S7UNASTA N8 Y !
Iseolp ~|donq w~ipaasspuy moy - Browdl- mriop LC 9%
— - J , 55 — — =71 - 2/ 5
A+ - - * - ~— — - A/
= = .&ﬂﬁm\, 7% = 954¢] gorl? - Pl
CE| of | WLt 90807 9/]582 | S3 R 25| 6| 2| 7¢ | bbe Bissd LT O < 7 \\ 10
HN m\%NhI Url.“t\ .W.Q IWQUV = 3 M.MI \ML,\\.W.\
‘ 7S L | LRI | fp @5y | adWodday
.W\WMWQ F2 /BT Aoiddy AR
e v ?.“:v‘tvw. TPESY  pIVPoS .w_..u Ay ILWD PRarwa/[§ V0L |L7Ge Y7 Y07 MN\ — 0 oo/ |8/
T ok | (LRI OFE] os £E0] 22 ) 75| s5¢ OF| 4/ |EV%hi| of w: Stk 95 N\‘x AR
- b4 v 24 k o0 > ~1 M 1y mﬂﬂﬂ aﬂlmlnt g sty Cd
wu “ﬂw %Qﬁﬂu@ou ....Mh. Bﬁ%c mw%c Qﬂw gﬂﬂ_hug u< w«ﬁhw nw&ué ._u i Ju_t wB.a\.Wsmﬁn\\.J cnwsn.n.‘ wy g ¥y o |taIm? AEW ;wmm »WN b %
% M TS| S| wad | W] 0w | % | A P e ES | ww| »u/| S| sy e | 57 R s |
“ON v ¥ o7 ‘ON Tvnas ON Td'M
— YL P 77577 E7 2 S, ONISHIONYW %E&E !
T o) aaeoN . onon
— mﬂ!ﬂ\,\ uva ‘Y o LOUNPNGS THOO! YOIIM i
/7 mm_«ohﬁw...nu,_%wﬁw._mz_ozm !E....jéxasip.m_ucmum uojjweH !

®




SVHSER 6185 —

$
m /
57y ITAML S
BRI G G A el T el T E | KT
S oA B SHL] pe |80 £ "I s | /| 52| ek | - - ~ - Mwﬂ_ LANZE RN
ST er R SA | fE e [ EEs | oe/ | 75| 47 59| o5 (F| - [lsher ~ LR BN
T Cr [ 9 Ay | AT |8F0 - | e ) v ST [ Toe | log| o FTREV SO PREY o8 S r4 \.&Q *
T A |SEAFL | FE | 0T 77T ¥ ki IT I6C| 10| - T B Skl €8 S0 X [¢URa |
. 4
CEd 02 P, ditdY WPl cl-r-T [0Es0|$56nr | 2uid ¥edfdt DR [
. i L!|i,. - /
S8 S B AZSAY okt | v L7 e 224 be—for T W |~ WL 9¥esIL Y f7VH Ao SR OIS - 7 /
- - \
1
T i
STNTS w8 - ~ /
Al AL RE|exe- | wel| o€l €S| oV sor T 7 [ Ira o W] o4 | tc| Lo ST
| el TR INCET EIATE EEN
T LIS W YIRS S ER] - -
TG YA ST FE (8T, a3 08| 5| % A SHALTI 17| - | €7 [SBIN
= -1 -1
- //
- |
- _ |
/
- ko b/l - .
- st T xmﬁ oy \ LT
- ~ Iz
i _ 4 4 T T AM 74 <7 W} ’ \\t
— , - Z v )/ 7 _Z 4
i ~ LT /*
w, - | - f - - - - - - ol
T ST opE| S1e-| 47| 3| s | st| 74| GE /0 i AT R B I
: : — , — T = = ST ISR 7 6o W0 90| cew 6| rroedd] 152L| o | o7
WW\W o (24 o e ....wuﬂ.\.m. Hmﬂw .wmmch ““., ..a!wn._m \n.s\\.muw L wec | anwjoes .r:Wm fn“ﬂh »X.Mw\\ s | kel | P70 swk.#hu.ﬂm HM,:Q vl ipo0 ]| ¥od? i W*
> 57 = % TG & ww | WD | wisd | O, o | Aw | = A Fo 7o oo | YW | | s say | 91 | sq1 | ¥ P s |
‘ON Lavd % 7% ONTVRES 'ON Td'M
SYOLYEIO Tie-7- E /7T -$0F 'ONISILIONYM As2 [ T s #¥25 TRl AT TVt o
L R2 ‘ON Ont

1531 40 901

SINWOLVIOLVYT ONIEIINIONT

h

VSN ¢+ MOUMNNOGD SHO01 BOSANIM

NOIL Y MOMNOD ::-o..an-»_z‘, 20 NN U\- mvcmﬂm COH— — EmI

N

- G'z —

III[




—4 SVHSER 6185

g - g
m Vi / :
Www\ JDJNMNN.. \‘\“ \f\\s.‘\\ \\ﬁ\:«s\L S.i?o (\\ v
Yo S LTS ot 2P os| on | st - sl \Rea | SE | b | ms | S48 | %5k REr| — 2.?\L_ ggr [Leee/| 5 Rl _ 15 j % et
cIIda o/ D02 TF o Sih = 77 = T3 728 | 25| 9L —~ ez L. .w\\..( (X9 ..\_ IW_H.\ﬁW Al b | .Qﬂ\
o IR S5 — | Co| 0| 18| PE| | | - FPT EF = _ S 1T AR SRR /0 SV S7A N
z / ;
G 92N ¥ b & | 252f] oL [Py
L, TS €% | SEAH| — Lz |90+ L% Tg | ©5 | ¢ ¥ <& g | - k&Y, ﬁ Sl a3l W~ qw;. pre s ot
. P > E . T - . * w11 2
<ok £, Y R SE4)| - = (45771 383 28 | 2.5 | AL| 3¢ | 0% X3 € ol _ e v
i 5| 75 |96 A/ - 7| 550, 54X g 1 L 87 | 8% | o€ | — 8754/ e VR I AR A TP BT U
TRTET T = 27 e | 38 | 78| ¥5 | B¢ | 30| & |0 [peEA swAal| €771 17 | oAl 21019
4 2o | o4 CuiiC v 23], ‘ SHbe _
'woRep LAES Lol qrwe| 220 seovfwore b €yl Pernwy £49-7 082 & |7/ VNo\u Ao Dupris (Lo I “
- - ~ = | e[ o7 - /o “
va7 A = ST, 37 75 £/ b - at/ | 5/ 1 S _
PYA ttdiss ol Lq "
[ o Ponta q o {
PHYPE I"F~ QY | 240 QO08  (zoody QA | IKISKIHD | @l 22 Ay ARTERRY ok
¢ | °
Nt Qmm L / 3 i . .
‘ 85 a7 |- WP LIS 84 kb ¢
. . / - - \
azy| 22 | 2F Mgy | A HS \u‘ Lz ALl a7 Z &M/ oot | 1
e I ekl - 7] - SETTE T WG| LL = o5 |08 ~ [N~ feEe /73 I Y &
: w-x1i
o s | oF GBI/ pT 20| <o 9 | €5 £¢£ - CT [ 7og | LI [leaz/[ 377 | ey & - o6 Mm\m\
Ey Ls72L (%L s cianto) wl?lGU
AR ARANGESL AR 5% | of | OF | s/ |MAL | Sl Ay, 8% gt | ®Aig
G 75 (oA AT | AT T80 877|677 w5 | eel| 57 | 1ot | 7OF | W [TRI| IO U] LS STTgW [ oeei |1
—= Y LTSS 7Y cztﬂm.W"Ji}u FOLT . pr ] 39 ang| TS| VPRIV vy | 17y oy s vl %a | o0y N
wmmv o oW | v ﬂ«uhmq .&m&mﬂ Lc nmgm Vi ..‘ﬂdm e Ln.z_oou 1v#i02> 9&9 viv | Al SR | 2L | vyow| wyrm| 9| Ty uy \é Jor | modo W 3
AR ALY ZAAZ A AR IS % | A | | v [ e [ Ser sl v S < [
swo1vaso S S5 o5 s e L2 TTIIS TR TR g
55 f190-7/ELT ~>PF V3G . ) - o
I.o|ﬂ|_\u~vr\a. we i w) VI ¢ LOUENNGD TAO01 JOIINM
SINOLVHOLYT ONRIFINIONG

1531 40 901

DL VMOS0 K-.j

e vees DB PURIS UOIHWIBH




2 w_
o
o £ _ z
] ‘ |
: | —
T
’ N L RN EEN R [k R 22
T8 EF VS T YR VA e " N : ! " i * " JF g VIR TR
; S G g i : | _ i >§f«m. ot r
wolly deped| oSt HH ._ | M - _ ‘, ! =73 SR A7
. as i } ! / |
i) 1 =1 T e o AN 2RI I RO
|
S| ek |y 37 | - 3 e 25 | sk 7 ot | o< e o TL7
T 5 NG 7 el b
I , g
| | | g1 T 52 1 v%5/| 85 957 /9| @
: ST A/ RT | oTol: o [~ Q¢ e¢ — g L3 7 _ .
\ 0.5 | Gk |SL/ A3 ﬁ | S| 97 pis \ z; .
s | o | SLA 77 sfo.| S8 08 | TS| Se| YT 08| oF STAREIRLY TSI WA A RZ4d R
oS | oh | 5LA7 37 [ 829- ©8 | 0F | 75| SL| 9T| of | €61 b - IR YRRy 172 I
S 2 N
o1l o5 [ o4 [SCA YFsee T Y T e | TS| SC| 7| €| % | st | [RET - e/ Lig7 [ 8]
v o5 | o4 |SLA 57 [weo | P3| o8 | TS| sc | JE| Y| 9 \_ - T AT = | 57| 50 1] |
, 3
& 0 Dk 2R LAl 780 ox | e [ EdH TAGERZIRI R AN AL SEF e 657 In | o 77N E S
| e | (1% _
as ol @ TS TVe | AIZVHIS (P IOFAS | PINFIO | Y o 2
LS AT P A A S e KR LR ST T5% — 7z 73
- - ) . ~ B O B IS IR S T4 BT W
Loy o 153 lﬂ SIWX y[o LY 7 T e = A O P O VT PR .\i\ac.\, Y’z &) P R o
VX721 [SI777 57
T A et 4 id o5 | oh |SEH| - | 47 A BN 2 I/ B B R 7 il T o> | te/ | 1L
- . | = I .
S H =7 | 9k |SEH Z| - B et | & | | - Sh | % = = PO S I R 1 A
/7 [ Podowdy ) | Paowayl A3V Siadd dV | ooy || LITLD] L9 o | 2HVX| S 3 Bal Maa Ry 73| °H 57 o Fy ssay| oY o0y RX S
A W <l W ol meo | deved  sav]  say| W |owee | - 7)) 47e0) 2q wer | own| SEa| swes| reamg| wwam|tooame| o0 3l wve | 4o by I e
“ 2 gz % s/ HWw Wy p vig| o, % M e Ho Ao Ao n | mw oW €y 7 <dq L E] 5q] wx\‘ 3 - r/_v
"ON 11vd 27 73 oNTvmas ‘ON T'd'M
— SUOLYH¥O e~ /€7 o= ONISILIONYH palkdR 1531 40 3dAL
PleARR ] !l.ﬂmllllguﬂ
— £ZZ-2 v
B $IOLVIOIVT ONRIINIONT 'y WD + LIDUIIINGS TAO0) SORRUM
1531 40 901 Fal pJepuels uojjiwueH




a4

R

el

SVHSER 6185

SINOLVYOEYT ONRIINIONI

1531 40 901

‘g
o e

WEN o INOUDINNGD ‘DID0T YOSONUM

- pJEPUBIS UO|ILLUEH

E ” m
m Y4 m‘a\so\*ﬁ. og YIS caf  nlf &9 Aols clutnd i%ﬂx.w.‘ * ]
N SHEVWE
1., ;W\M!.\ R T secprreniad o lene gy sanif k¥ %16, Lel ] .\.u__|‘.r.% .|H ,HoH xwwﬁolell4 I..Af o
o Jroeol oL L TIPIL T T AT o T L - Py Y HE S0 R TG e | F
(i 0045 ) oty 7% pofT PYRY [ 9 o . 1 —t ,
: 7 o5 Jxv-odr qF) o L7 ~ (%o = e 92 T T, ol GTE 4 R e [ @
\ — - I 4
o 4r 9o ) = A [ B4 K4 o | I3 ds | sl | S e ok b m _
eg o] T . AT 4#, = 1
, e HEIEEE N
Lo, fuss 3555/ BET | = Wnsy9¥ 48 o0zs | = AP oY 68/ = 10z F bog - hSE SITOR L N0 |T0)
SooX oL |7 77, - 9L | 9z - o ’ - o
Ml A A R R N N 2 I B R B BN DRI
gl | o re|as | PPAY TR RIS “ - i N i 1
A S = B 2 2 R B G R B BRI peRer 55E B[ €57 -
» SR B VA0 7 35 B B A B S -2 B8 RN BT RSN IR H P32 2 R ) e 2 =7 B
os Gidan o | AT WL 133 or =/ 1 _
iR Nux 91
1| X » Ywost Sl P LV B EZ TN J- -/ I 7 rhell kST ¢ 7 /52 o
‘ (o}
A ok e il iy AR LI ISV ) R B g 1 95 1= 7 — 1 @] °¢ = [ A%AET s | eFT - 9 L Tso )
sl YY) A 2| il P4
. = ¢ .N
b obd Yoo Y b= FTPhe, 02/t |= SHHRI g2 o | LL
h } 169l TET) . logZ
17 S s y - T EGABRREE
FueoST® = 1 Pl A8, JolLl] ¢ osb
A 7107 _ - il AT - | 0%/
OJELIOH | 4l 4 - AL - b AL 4] vt P :
A _“ - ’_ < _ m ‘\ - f ” - 1 _ Xry ol pAel
R R A _ ~ | - * i ] - b T Y537 N.%..& 5555 81 _ 174
X 1 ] T 9 (A0 -] 1 % | €5 | 5S¢ | Ir| o€ | 9F R {ef ;
; |
¥ aY T ar | 3LH ~ TA7 ] - B 28| T¢ | 8 - 9% ¢ < 877570 7T i |
?‘..ng\ Gimar | e PN | X3 VI V0| JEoig | du | Mg | o7 | e . 2 [P b | S0 ava] DU | WRCRY YAV ol ST R UL R R v :
cod e | ow| e | )| Touad| faw | saw| a0 Lt | omio Sy | pemieny | 0] TR0 awa | STaa | avi [ Weamy) ww oMy my| vop | o i aalz) I ”
£9/ % ‘. Saf | B ] e oy o3 %, At ' 3 v D) 20 B LR << : - smn _
‘ON Livd 75y ONTvmEs 'ON Td'M
Jr7-7 % iz -5u7 'ONISUIONYM LWV.P.H. OV.J\VM. Senlnyg lh.J! TAT Ty 1831 90 AL :
98 ‘oNoN



T TOf uws SINOLVIOIVT ONRFINIONI
1531 40 901

NS L YOG {4..jn:2: w0 NOBIAG Uu— Nncmﬂm COH:ENI

@ .
e g g
& ¢
g Ll 1y 4 5 ] : R T o g1 - %S 0L
oA/, ta/ad 3: 33T 7 .\“k 45Qv..wm\m7mwu~vt A 2 * 1g 14 { _ * o s E S e _A . ,\ }M. | | lﬂ\m ¢ oy
15T 2r0AY wars ¢ jw .50 % [P < . N \ 15 > . = - ) 4“1 \\. M..W“.‘NW% .wwws - Q\mﬁ
- / ; i
_.* I m ve 12 ~ vy S AR S 14 RIMC A AT # - s
» B e ] 1.1.,..
Ty TIA T IR - | B o5 T AL | - (PR EY [ 8 BTN SU6l09) By - | dAE
R S . - I e
D> o Ganw il . , , , e ’ .
. S 2h [ Bl B ST I8 e | 7L ag] s 79877 LICH A A T L A
i G pmyysy | T i - (ST S U
| :
75T [ 65 | -~ | 8 IF] 15| =& gT e _ FET AT | WME| ST
: ) ‘ , p
“ Pr a2 R a2 IR e mel o
T i
PV y PO P B 5 °L 4Q fwony Y A — XA/ A 1 ehe | seé0lY
8 Y4 I g @ w4y D4 058 \U.J&«\A
s 2ynd. 0, 7 e& @FA\ = mﬂ_ﬁ. il
g4 Yo S R o RN R WY 4 73757 B8 E-77¢ et | % AL717 k ACES/ The = B ] Sofo(v
. ‘T gl T 018S Pavivia - | 25 ;
g y LEL 2901740 |9 244 ary g20°| ro0n
. AT I I PRI o 5 | 28 | 3 A/ - e 7 /5 77 229 - % LR — || %A% S _ | gCz || oc ¥/
E1P4 | o din wchiy w9 L pevivdd ooy 25 <>
Wm0 [gs |- veRled |
5L sq7 o | L Pp Mg PPY ONTQN = SH2A0 L |y bd Sell 36b
o/ v»uw?\v.ww\ T e W 5erl rerry| 9§ | @4 | £ 4/ N .24 \u\g\\ 7 TN N Q¢ ag A4 T AES %\j ) 9721 SA% 2 V7
e dsos| 41 ¢l tw FO4S fasnery 2 235 “ _
0L Q@R | SATHP N ydlIN ST = a2 _
oW LT PR T [ a5 | 94 | hll - %7 6f | 6] T 3t - 0% | 9% ~ | Z&ell ) TZo/| wor | LL| 9| 517 H
M%bﬁ sl Ao WP Phonival . *
o2 103 [ ' 49190 | wod AV A2 = oy
A AT T P | 6 | orliis A ok | 8¢ o7 1% 7 7% e | Yy (T0Ry 46e| ~ | 267 | SOET i
Oy to Ak 2.4 477 AIVEND o RS _ .
= TH | &Al ve
AR o T Y T3 = ; P LV | e | 49 “I5q avy| TW9sAq| Gvospy TP elog] s R 2
E et s A I A e P A7 el A B R
F ; T A WHD 2R T aw | | T ~ . | e | s R s ‘ B : - s |G
i "ON Livd A3y ONvm3S , , ‘ON Td'M
w SHOLVHIIO T70- 77877 S0 ONISILJONVM 1523 sy SR TN T _isu034u
Y e on o
v €24/ 7 wa sa VSN « INDUDINNOD ‘SAI01 HOSANM

— G-6 — e o

e




SVHSER 6185

. ’ ’ g
: &
i g
’ TRVWR
__ - TS Sl 3 4 7o/ LdvLs [ SYIHR| dos Y eus ¢ Ak v, “A\t\qw.h\ _
. Ao 35007 yeor |l Gua]| Poipl e R _ : 280
g vy w g 2%l Rrevad] ) . . — )
I [T F7| = [ %8 | %8 ] #5] -¢ e YR - I S A KR 7
-1 f
; 1
i |
VA B G AR T R A R R SR DALY 22 - U8 | 9% 231 L - il aeg | —- - f;.‘:. AN AT AR
ol Qeary Tndsrs pp vl Mi.\: tp_
|
|
r\u T [ (5 47 Z A N TS % p> I I V74 O B " - Sorse7 I T

beolids Tob7 /7 |72 | SHY AAC KRS 4orbud Drter 098 yeo, | -5E5 BLE 5ok AP TS VR R VT I
i A

e 7 i e 0T gL | 9FEP

N
~1
W
N
[
o
IV
oY
{
i

(| ] o N L AT | ST R (T 7 7 S O e 2% 78
\T o7, :

b

1l

N f 4/ i ECl TS /i 4 2T oy g . N 1&&%\_3. 777 755

- 67 -—

{
P30 s T R B B % B IR S 1772 I o B 83 R

Nwes m,\.wL_w L2 Vudseq Yiws o VAT APEIS

L
)\\ ST r e Nv\m, OtE ol LdlS SV b VI 92/ 3 LW VD B T
: / Vi
- - — - - - - - A 286/ >
&L hayed IS ooy uwv\.c\am e/ Ase St vt A [745 i 2458
woo0q SVFHL Tk ZE € PPV = 124 =1 58} a? PS5 55 | 9= of|  ef . ~ SURs7 AsE gasel st
A werif 2w Apoy ppwad i ] s =
o | ol AT ] 8e| qeey| TF| ?E | % L o] e | _ | flees Je8257 1 5% CSE STH
Tt F - 1 Pl aE s st
H. | : A ! b 5
\ & i . p Bl L7 555
!
] 1 - _ 8| 7 Y
NN AR Y T - g I8 WA 7 I+ cse| 5777
w3 | P, %, #Wﬂ EER A T Seo 2 AL | w1009 | 13g3na | L2V _hu? Lot TR Vo) - L e Y ory
ahw Q“\ }\M«\“\ eal )| esry SM n%\ RE Levsroos | Ly is.wc Ures/00p L\WA v s o iyes | anh | W
BN 4 % %% 72 m\Q wou | iwaal 1o .\\w\: % AW e A S B - W v o
‘ON 18vd & AN onvess 'ON I'dM
SUOLVNIO 77 0-7-16,7 -5 77 ONISILIONVUW 353) Weavag WV e s 1531 40 AL
7 ON O
. 7 rp7-7 uva - WEN ¢ INDUDSNNDD ‘SHJOT YOSONIM
© N s SIVOLVIOTYT ONNIINIONI [P a

1531 40 901 : o M pJepuels uojjjuwieH




£ A
c £ - ’ T T T T T g
& m T SRR W A Y I L A 7 H
m N R ST S T B R R AN Y (R Y W S EL LI N w_‘\zwu HS..\\, % -
PRy T TR ] s s T ] TRE T
)| : [ T [0 A D e e L
I R B R AL
J : : . SN 450 U T SRR R ,
| ] f i i I./y i_‘i . |1+ M.rm ” vl
4 B ||$1+ i -
s | erless A oy | 96 | TS | St a \_ﬁ % Ak pbl 9o
I W [ A S !rx- F jas
] _ | m:.t A Ty REZAE
b e e [ T S Sy
a5 o g7 14 o | %[ F 2l I |- ~ |t e
%747 F=7% e 4 00 ofF s /o kL - - JR [ . ,,Ti
e age €0 LS PAWIOWID - QR / QL X , |
2 IR SR Rl S| @k (e8] 4 PE ] % | T he ot | o¢ - -~ - ~ ik 0Ly
Aecy| 1o vAG P AT Mot ’ X [ PN A U S —
4 s ar ] i
g 14 ST weFg [T M\Wh\mxl %n&wwwm\\ Ry I EV G Y S X [ "
o oo bied LDt 270 pLaa v L S .
T °5 04 | o8¢ r G108 | 25| At o | 0f . tﬁ% Sl 17 | 5189
\Tﬁ
B 2cteaghl A 7 g e v 2 \ﬂm — +—
Dsl . PEED TR VA ..,\,.xx\ C | ok | 957 32 [ 9% ) i ~ ag 75 oy | i fSk
4 2 Pl 1D | § G et el yvor @37 .5 hnn“.\%Ul_.S\Gl 7 IPT H,0R7 © L uey A “m\N\
Py SN Py AT = I AN
, i
B b5 ﬁbqu \“U 22 tdo N\G v\u\x o Q\L
LSy ron g Tt 1o s | 24 | 927 A CF T e - bl e | 4704 A5 G i
27krch 2K S e 1t @ OSSP ,v\q VALY 1“1.9@
. i !
a5 | et |°> a4 DL x| Ty | Sc| F¢ =] 9% sedpl| pii il [
oWl Loate - Lk
S0 Bl A4 Gofr PPy och 37 bd5
g e 2w G0 9D PRUVAL) iy
R o4 | 957 )54 a3 | eXA | s | s¢ o | of 0,08/ Alh Leh A%
_ Lth| ko] 2yo7p -td ‘
E3 SR Rk 7 s ah | S84/ - g A (X o3 25 | 557 - o =2 ) 57 [4]] bek | ohHT
PIAIW MOd | <ad v o[ 43, AR TV X v T3 ﬂﬂ& e eAs e 8L Ty /s
, MWWW, | T nw.w P A s | sa o | rwrom e \isaat% iooton ol THT | 2| W | yweng| ww m| orme| 03| o | Lt REEE
| % | T LT | ST [ Rww| wan| #sg| oK | o | W e T e [ d. | P | "W [ MW [ S T s9 | 39] Y| < s (¥
"ON 1ivd & 798 oN s ON ‘I'dM
SHOLYEO 779 -7 1E/C S ONIsHIONU 432 AL Y2 Wes TV AT saras 153140 AL
TR/ waNeNa lﬂ"l.ozou
TL-92-Z Uva sa -
TeTg s SINOLVIOEYT ONIIINIONI VSN ¢ LNJUIMNGD TIOO01 JOINIM
1531 40 901 A~ piepuels uoljiwueH

-G-8




z ¢ g
< . &
m m W\\u)«w 3 te!.x;,tt L2 vw\..e\un W\m P R ——
“ ARSI T 3 2 A C R R VA 7 T e 547
j i ! o
g1 I | 7871 — [EELT
av4d - - mmwf - 7
E¥ 4 ~ AR |
A TS -1 — = % XWQN.. 4 T |
_ , |
oy o7 - =T 7] - |87/ %
T 07 P R I A4 §
| s
AN : 707 ol - —~ | 8T7 —~ | L&7 ? !
B /4 7 A ¥7 e T ALY, ,
v k“wk (ov wpm gives’ mpf i) Im.@.m .\ﬂ\ 20 .bw. ey | ¥ SL 9t | ¢Ff e ‘QQN) . / \\N WMNJ‘ - ..N.N\ %2 (& “
T Poowetor] . clt=? Araois Su NG A A T m:\ .aﬁ\wzﬁ_ HhL 797~ €0F) oSs|l _
L 5
Rl | et 00r £ Thw \ -
Tns&\fw, TR v T Rt o mw\qli,&ﬁq 7 f\_&i«, A A 2 A kA B
” 2927 7 T THI Y - cxs i
3 vy & | 3¢ u»m 75 mﬂ&aﬁ. IS — | 175 9787
7 2 T
1 loters | 757 T A2 L BT N A
o% ] = A 1S 2REL 11 PiL2K3
98 | ©5 | S¢ % | % RN 121 d
" H
.t
3 3 y A ~ N - A Y Y < _
/ I - ~ - - W = ke HA R4 ~
SyIASTT el ST N R S R O 7 . Y7 7| |
& ov o5l - | b2 oF [ 55 | St og | V€ Seh | BL | 7EE < |
o A, e B e e oot e o e B e B e [ I i S S IR E
T [ Was | 9] ow| % | AW Jc | Fe | | o Wl ] AW A SAT [ a1 | Sa1 | 90| 4 <an [N |
‘ON Lavd 7S oM YRS (4] N2 ‘ONTdm |
T T T swoveo o772 S o7 ONISUONW AT 1 298 TETFslvw XL 52 795 Su0MM |
Y A ] - T ea 22 " -onow .
e fl e A . :
TG SINOLVIONYT ONRIINIONT VER o UTOUINMNNO0 W01 Sommm |

1531 40 901

e piepuels uoljjuueH




% g _ .
=g 2
% m Iy UL TIRETAS - aiing | Y )] FARHISOWNIV COVAUS ¥ * w
M AT TN Y X
of | 7 81 Tos [e3 | o5 T=TgE T G 4 || »R;Qﬂwﬂ M 513
o5 oY T T I N p ~ighTE 9% 4_ #T8
o= A 3 e e 7D 7 L
ox | O ! s v T T )b TS Ty a1y
! S e e i SO —
oF A ) ; T L= " IS BN LY S )
o *W\ 1 797) v, 74 oF g | 34T SL| - b iZ)
g T |
Lo
of | A | ¥ 14 o8 (e | ¥ | S| /v 79
T UT S ~ |58 | - oy o9 | 3| ST | Le 508
“. S oo A 4 ] ) .on _
Portvland 7t oor Heverw: CSixs PMOTRY 9 - : ! 4 * “ A .ﬂ» 4 :
g Y 2 » ,_ L3 xX73 _
1, ! - ’ ) o
2y A ; ! — 74 T =
. * , ; , | “ &.\¢ R ©
. ey &t JAZ — | & Al
Kol | '
<} PV Xime T I OE . Bl . i o757 17, 4
nqw U t%v.xh& A \mx\h\ Cer \wwnm&.ﬂw\u ‘ 38 &7 ! @3 | 08 | 25 | 5L og 244 YA /A
o U.K ypp “ 158/ N 19
QRPN 97| 05 | b | 9 224 o3 Wi | 75 | 3¢ 7¢I SIA p: 174
\/Uk ? 7 ©, ol§7 -1 82 = 17oF | °& A2 Y at [L09| §4/ 174
4 e [OC7 & | F + VTS JdWIL w4l Z :
/. . | L
e gaf| & | o r 27 % | 08 | g | SL | SU[°¢ csoIl| Bl | /8
> 29 % n&ﬂi oo 00l | dFLpIrN] A AN YA w8l
3% — 1 3 PYAY
f o7 o5 | - | B¢ ~ | 9% | o8 | mp| L) - | TF gotol, LI < o83 |
.r.\ &\_mm TMN\“L 2 N\.‘ NM\W WM!Q\W x»%.ub.\“% }“ﬂ ulwwﬂ R..\QQ b\“W“.. ,..a,hww\u k;w‘.\“v .:43,“5 SLMM i Wy n.xows.wﬂ 231 Ld&.w\ ;Mww. _;J hq.w.xw 3w .umw
e (nmean BEvANEEE TN RERLIIEENN 2D R I Il e ER R B T A | 4 - sirn “
ON 1avd T T onveas .. [z . ‘ON Td'M _,
— SHOLYH3O 1o -~ 9. J€IZ S D7 ONISLIONVM FZ T ST VAEEEE suspoma |
TTTTATY ahoNa ’ S ‘ON OR
TR Z - T ava ,
T ume SIROLVIOEVT ONINIINIONI e VSN - UTOUIINNOD ‘D01 KOS :
1531 40 901 e ¥ OTD :..an.:s.oza.;n Emncmum COH—_ENI




SAYOLVIOTVT ONRIINIONI
1531 40 901

k=)
N

WM+ MNOUDINNOD ‘SI007T SOSANUA

e oo DI PUBIS UOIHUIEH

% < — ———— e . —_— —— S S S— - - — [ ‘lw
H i — - e e e e ]llué: - L‘! N4 Ava — -
M T \?lw e e i 7 .\ﬂm.M
© a9 > i /! . 4 ” 4 " \\«. N\ | P l_
77T - - T 7 ” . 7l R B Vi R 50T @\%mﬂuiuﬂh gpor- TR0 T
i 4 1 Y
A % 37 L5 I S N S B B9 I 8 B S B ) LR S Nﬁw& «31 W A/ N o1
o oy v aoty_FIT e By ) did) €] _:ﬁ‘f- Y
(A7 Ry C G-~ [ar e 2SNV . ” » ” ” - " " Xt. &Q& : | 470/
37 P) ”» “ 7 ’ — ] » Tﬂ% / 77 ]rﬁJwi\anNLl H 276
5 . T T T = ST ,ﬁ\l&\ o M %
y . ~ Ll s . e Ll
%4 ) i P " .| B¢ ” . (B7) 77> 157707 Mw i
P ooy | Peerves- N N N ; s Lo
R s o P T s S I 97 e T og TZr [ S/ #L [ N IE A LY Ar 3 77 ilm L 7
Q.‘ \- - e ﬁ: i \- \wlkvl - . 114'\*“, - *\‘“ M%Nm - \*%
Wiﬂ. %m«uguk\\\ % » % " % N " ; T B2 AN ﬁwqq Qmw I
. 2 5| il
G o ) - " 7 . (") T~ [6E2€7 W57 -
H / z Y /. I} : Z ]
O Eqa e oo ucmmm e epmpatmes N B B R I N Il N I A 2 O B R
. AN AU p:£4 5 B |SeF| 2 09| o= | % iy BB 2 o7
,, Ho7T 7 AF IS E [OL (S UNTT AZDVEH
, A2y 4 y)
) YS_\ poo vy o7 57 U5 TEE hf.n =7 T Y tog 7 ow_ 7% .w.& n\w B
o o D Y CHET T IRy >z ¥ og @3 | L 3T T o% 9 TR Yk 1/ 117
, oz z "8 75 S| S TT O \GATRATARY (LT 7 T
N ARA AR L )74 A g WF| 2 - | O] 7F by | 7H 763
TP | T O | Y05 | LEFTH HLE ! ;
\ J \ H
° N\\ u’l“ﬂh > 9 » " u U} " 4 \!r.% \ &Q. bﬂvﬂﬁ\! me * u.mm
0% Q\ ks ” ”" . " M \w.mq ’ - - - th MN%
af | Of 37 oF | o8| ¥f| 52| 97| 25| Ie| winy 7SI, S8 78
._ S p# OSEE F4 o5 Tor Ty 52 7% 9E | °% G IRy KT IRE TS gy
, oy | _ov | I h - | tad ,
T L [morg (55700 | 09 o W =7 3 Fev o ﬂiﬂﬂwﬂ: PTG A N
‘ P | gov | sav | dY Pl ..Aﬁf.\&o.v»i smss Pl | o | 520 | M dﬂﬂ.a ﬂﬂﬂu&iu Fnbam| wo | 143 “ﬂﬂ,u wu
| T Ty WIo [Wisd |07, | 4 | M| Fe | e de ] de T W GRS TSI ] e | M i.-iw
,“ ‘ON Livd ‘ON YRS m L) ‘ON 1'd
i oO=9- J5  ONISILIO NYW )
m




SVHSER 6185 -

4 - - I - - . ¢
B e I
o “3IEAWYS LT
‘L T Swpr FO s L \aAEE FIIRPE | sVD L I S ! ¢
/1y = — ; S ST
2742/ g SO LY 1FFF FHT el IY S8 | NGV IGITH | PF e T i Faor
S _ )
o] A NN EREER ) J " SHT TP
o9 - 2 L 780
(=4 4W B 1T T R e 744 L7 |
- . + , |
p ! [ [4 [
o - _ - 3 \_ ZL &\ﬂ !
OF > 15 ; T Iz pIAZ #
fp. V4 £ il |
o7 [ ¥ = (P9 o1 —TE7467" L7 377, |
.\ ya —
P ] ] = ﬂi% 5o 999/, P35 _
’ i s podl |
cP Bz 3 Iz oy 3L BT . ’ Y 6/ ) AT LTI &I 3] ,.
K ] AR ABIY ] 57 I37 ) A 3 SR AR A 7y A 1oy N.oSm i “
4\\4\ NG R S 7 WA o . O g Y aMF T 3T !
ot Yo o P z7 VIoT ToIL .ol Al Nyl , o
) T = 77" er B¥TF 3397, AF0 y
! Y L ) ©
* » . » ” D - |~ : )by 707 EH ghon v
’ Y. .
| ¢ » » o . Y - 5 i Ul Va7 AN Lo (I T 14 2577
L 2 " )
ook F7 OTF | PP OH T OTT FTRTTY o OB | SR {4 o5 T8 ¥ S &2 9% | 9% {4z oor—3¥ oz 94T
e Z4 a3 VIR, # \\&ﬁ. ZET IO 37 %lg ILTOTT ARTT | T *mms\ m«
7 N G 77 e T _-_Mwﬁ 27 MeOL | LB AL 057
| — 3 r \
! » \ ! K 4 . | A 7 4 f?l.ww.ﬂh.ui. Ty 117/
.P e JW) .
1 i U777 R 350 7570
. . -
77 ZT C 71 A X4
g B I&
oy , ¥ 7] g, 5, . 3%
Vi vl
oF | oF| % 37 08 |98 | ©5 | SL| BE | PF| 9% |wwd ()G HEE ! #yor p
s TmoAey Ay - w7 | ho7d | 5530d | N 7| £ Z0o | AV _|[IMod | 177 ﬂ ] ﬂnm& Food | 120 ,
oW | ow | o | Zo2| %o \MQn\q .MNQ saw \Uﬁ \\hﬂﬂ.@\;‘“ﬂv wearrog\imr P | Il XY g “2a | Y mﬂﬂ e ﬁ.\un 2 anv Fortoim o i 21249 wu |} ;
T TIH T % | S | FU TN o | GB (oY, | 7- | A | Fe | Fo | e | o 7 VN M s I 5q) ( sAf | ¥i | +d < s “
"ON Lvd ‘ON YRS ‘ON T'd'M M
TN T J St01veado TO=I=TETF G775 ONISILLONYY FYaL (] voRor wu_@gcz AL TV sudoun |
0 |Nq|,n§m\ wa * a WEN  INIIINNGD ‘SHI0Y FOSANIM v
SAVOLVYOLYT ONIMIINION . i
1531 40 901 s i e DIEPURLS UOYILLIEH |

-




SVHSER 6185

faS

1531 40 901

NORL VOO0 :-..30!

~ = DABPURIS UOYILUIBH

‘ ¢
m 4 m
- T
- A T = T T M =T H
! | I A _
H i { . !
PN RSOSSN b
[ MR IO B
L Jo_
| ‘ _ .
T N |
| 4 I;, U T J,l T
I R
!
2R V. . . ;
X % | P4 af W | e | SZ| e |3 |95 ([ )A# ZIARN BTIT | < 1 A1/ :
, ]
\ f < < 307 7 40 A AR N/ /) n
) >« \~ / % _. \r gvr-u.\.: Dﬂ..ﬁ n_u
ﬂ ~ [ I - AR N 1=  JL L —
& - . £
MNC =W ﬂ L = 1 DRELNY 2P UL PUNES (4
v 7 = msdqc ; 247 AL LR 741
J— I =7V ~. P a7 L T LR T
. /
= u‘““.d 7 A S (YY) P14 °F 75 T4 ST IR IS8 —t—Afor |
, _ _
\ 1A/ 1 X714 "
| I ] Y ) 7 1 Y 1isp HorTT T ELOT _
N o ; .
4 | (P77 ] magr 8%, TS 7 |
|, o [ O[S 3z og1oF [ BF | S| ZF | o5 | O% | oAy wady |[F4F asw = |
3 |
DRy ﬂlﬂ_ ZIws | (PO2T AW A ZoT | AT (v 7 5] T =TTy ,_
T o | oay| o0 | fo0 | k| Y| s 75 s i o pr0 T3 Y| | | 5 | e | vt [p ey (%o 2en L G| w
2 | Q7 | % 24 LY 74 T | PR, Vo # A | Fo | o | T~ o, | W [ | ily | sE7 | 58? 3. 74 <o _
‘ON V4 ON VRIS %g Td4Mm
77 SIOLVEIO 770 - F-7F7¢ 219 OoNISUIONYUW = > 183U 40 ML
PVIAGT 7Y BN “N ‘ON O
T FZ=0F - uva ® wEn .
TRTG7 e SANOLYYOIYT ONIIINIONI @] VSN + UOUINN0D TIO01 ROLINM




